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A systematic review was conducted to assess the efficacy of portable electronic personal assistant 
devices (PEPADs) in the rehabilitation of prospective memory (PM) following stroke. Methodological 
quality of included studies was also assessed. Seven electronic databases were searched as well as 
hand searching of references. Quantitative investigational studies of PEPADs for memory impairment 
following stroke with adults were considered. The Physiotherapy Evidence Database scale (PEDro) and 
the Risk of Bias in N of 1 Trials (RoBiN-T) were used to assess risk of bias. A narrative synthesis of 
findings is presented. Two single case evaluation design studies (SCEDs) and three controlled trials 
met inclusion criteria. The mean PEDro score was 5/10, the mean RoBiN-T score was 14/30. Mobile 
phones were the most investigated PEPAD. Study design was heterogenous. Small-large effect sizes 
were evident when PEPADs were introduced and large effect sizes following their removal. Most 
participants completed more PM tasks using a PEPAD than a paper-based memory aid in one study. 
One study found continued PEPAD use at long-term follow-up. PEPADs are a promising avenue in the 
rehabilitation of post-stroke PM impairment. However, the evidence base is limited. More rigorously 
designed, long-term SCED and group studies are required to inform clinical practice. 




Stroke is a life-threatening, cerebrovascular accident which results in cerebral dysfunction (Zhelev et 
al., 2019). Adults aged 65+ years (older adults) are more likely to experience a stroke than younger 
adults (Michael & Shaughnessy, 2006) and up to two thirds of stroke patients are discharged from 
hospital with some form of impairment (Adamson et al., 2004). Common post-stroke impairments 
include physical disability, psychological disorders, and cognitive impairment (Ferro et al., 2016). The 
most commonly reported post-stroke cognitive impairment is memory, affecting approximately one 
third of stroke survivors (Novitzke, 2008). 
Memory impairments can affect a person’s ability to recall past events (retrospective memory) as well 
as affect their ability to carry out intended actions in future (prospective memory). Prospective 
memory (PM) is defined as the realising of delayed intentions (Ellis, 1996). Impairments in PM can 
affect a person’s ability to carry out activities of daily living, such as attending appointments and taking 
medications (Wolf et al., 2009), which can be deleterious to the person’s long-term functional 
independence (Baumann et al., 2011). Memory impairments are strong, negative predictors of quality 
of life and affect quality of life to a larger extent than other post-stroke impairments such as 
communication and physical disabilities (Mitchell et al., 2010). It is clear that the cognitive sequelae 
of stroke can be debilitating and the rehabilitation of such impairment warrants substantive focus 
(Fish et al., 2007). 
Cognitive Rehabilitation (CR) 
CR utilises an individualised, problem-solving approach to re-establish old, or develop new, strategies 
and approaches to compensate for a person’s acquired cognitive difficulties, supporting the person to 
improve their everyday functioning and enhance their quality of life (Kudlicka et al., 2019; Cicerone et 
al., 2000). CR was identified as one of the top ten research priority areas by researchers and stroke 
survivors (James Lind Alliance, 2021). CR of memory following stroke can employ either a restorative 
approach, which aims to restore memory function through repetitive memory training, or a 
compensatory approach, which uses environmental adaptations, and internal and external strategies 
to aid memory performance (Spreij et al., 2014). Memory strategies can either be ‘internal’, using 
mnemonic devices and rehearsal, or ‘external’, using memory aids such as diaries and calendars; the 






External memory aids can be non-electronic or electronic, and aim to improve memory performance 
through providing reminders to complete intended tasks. Although non-electronic memory aids are 
effective in the rehabilitation of memory (Sohlberg et al., 2007) and are low-cost in comparison to 
electronic memory aids, there are some practical disadvantages to their use. Non-electronic memory 
aids provide ‘passive reminders’ (Dowds et al., 2011; Andreassen et al., 2017), thus, the person must 
remember to check the memory aid to remind them to complete a future task or ‘remember to 
remember’ (Crystal & Wilson, 2015). There are a wide variety of electronic memory aids available 
including digital alarm clocks and calendars, mobile phones and personal digital assistants (PDAs), as 
well as virtual assistant technologies such as Amazon’s Alexa, amongst others. Many of these 
electronic memory aids and assistive technologies could be helpful in the rehabilitation of memory 
disorders following stroke through the provision of ‘active reminder’ prompts which alert the person 
to complete a task. Whilst there are several terms used to refer to these technologies, one common 
umbrella term is Electronic Personal Assistive Devices (EPADs). 
EPADs 
The efficacy of EPADs in improving memory in the field of CR has been investigated for several decades 
(de Joode et al., 2012). Some of the EPADs investigated include large everyday electronic devices, such 
as televisions (Lemoncello et al., 2011) and personal computers (Lindqvist & Borell, 2012). Recently, 
more portable devices have been investigated in memory rehabilitation following acquired brain 
injury (ABI), including pagers, mobile phones and smartphones. Several Portable Electronic Personal 
Assistant Devices (PEPADs) have been found to be efficacious in enhancing PM performance (Wilson 
et al., 2001; Fish et al., 2008; Stapleton et al., 2007), although, their use remains relatively low with 
people living with an ABI (Jamieson et al., 2017). 
Issues in using PEPADs in PM rehabilitation 
A range of social, physical and practical factors may influence a person’s use of assistive technology 
following ABI (Baldwin et al., 2011), including how acceptable it is to use, whether its use is relevant 
in daily life (Gell et al., 2015), and whether the person is motivated to use it (Heart & Kalderon, 2013). 
Despite an increase in the use of technology, older adults are less likely than younger adults to own 
devices such as smartphones which could be used as a PEPAD (Onyeaka et al., 2021). Studies have 
found a negative association between age and technology use (Evans et al., 2003) and between visual 
and memory impairments and technology use (Gell et al., 2015). These findings highlight how the 
ability to learn how to operate an electronic memory aid and then successfully maintain its use in the 
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long-term, are important issues in the field of PEPADs in the rehabilitation of memory impairment 
following an ABI (Boman et al., 2010). Studies in this field have been criticised for lacking clarity in 
reporting the training participants received and the absence of evidence of long-term outcomes 
(Cicerone et al., 2019). These factors warrant significant consideration in the use of PEPADs in the 
cognitive rehabilitation of PM impairment following stroke, where several of the above factors such 
as age, memory impairment and access to support in using EPAD technology, may intersect.  
Previous reviews 
Systematic reviews have reported on the efficacy of EPADs, including some PEPADs, in the 
rehabilitation of PM impairment within TBI and mixed ABI studies (Jamieson et al., 2014; Charters et 
al., 2015; Mahan et al., 2017). Concerns regarding methodological quality and long-term outcomes in 
this field have been raised (Jamieson et al., 2014). A scarcity of research investigating the efficacy of 
PEPADs in post-stroke PM rehabilitation is apparent from these reviews, making it difficult to ascertain 
whether PEPADs are efficacious in the rehabilitation of PM impairment following stroke.  
Current review 
This systematic review aims to evaluate the efficacy of PEPADs in the rehabilitation of post-stroke PM 
impairment. Intervention studies recruiting stroke participants, mixed ABI populations with at least 
50% stroke participants or studies reporting individual participant outcome data, if less than 50% 
stroke participants, were considered for inclusion. The objectives of this study were to: 
• Evaluate the efficacy of PEPADs in the rehabilitation of post-stroke PM impairment 
• Review long term outcomes relating to the efficacy of PEPADs 
• Report on the types of PEPADs investigated 
• Comment on whether participants received training in the use of the PEPADs 
• Assess the methodological quality of studies 
 
Method 
A protocol was registered on Prospero, reference number CRD42020224530, 
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=224530) on 15/12/2020. The 
reporting of this review is in accordance with the PRISMA 2020 checklist (Page et al., 2021). As it was 
anticipated that the studies would vary widely in their design, and a meta-analysis was not possible, a 




Human studies in peer-reviewed journals written in English, were eligible for inclusion. Studies were 
required to report quantitative PM data. Inclusion based on study design or date of publication was 
not considered due to the limited number of studies in the field. Studies included pre-post designs, 
Randomised Clinical Trials (RCTs), Controlled Clinical Trials (CCTs) and Single Case Experimental 
Designs (SCED). Methodology papers, dissertations, review papers, conference reports and books 
were excluded. 
Participants 
Participants ≥18 years with subjective or objective PM impairment due to a medically confirmed stroke 
of any aetiology, without any pre-existing PM impairments, severe mental health difficulties, 
neurological conditions or learning disabilities. Group studies were required to consist of ≥50% stroke 
patients or report individual data. 
Intervention 
Experimental studies which investigated smartphone-based reminder applications or any other PEPAD 
were included. As a wide variety of technological interventions were identified, discussion was had 
between two raters on what was considered to be a PEPAD. Any EPAD which could feasibly be held, 
operated and transported in one hand was considered to be a PEPAD. 
Comparator 
Within-group and between-group study designs with either a waiting list control or an active, non-
technological memory aid control condition, as well as SCED studies utilising baseline and intervention 
phases and/ or return to baseline phases, were considered for inclusion. 
Outcome 
Studies were required to report quantitative PM outcomes using either formal PM assessment or 
self/other reported PM performance. SCED studies must report changes in PM outcomes between 
phases, such as changes in PM event completions. 
Information sources 
The following electronic databases were searched; MEDLINE, Embase, PsycINFO, CINAHL, PubMed, 





A systematic database search was conducted using keywords gathered from studies in the field in 
order to identify articles for screening against the eligibility criteria. The search strategy used 
truncated terms to accommodate for UK, English/ US, English spelling differences and plurals, and was 
modified for imputation as required across each of the seven databases (Appendix 1.2). 
Study Selection 
The titles and abstracts of the articles identified through the search strategy were screened to 
determine whether they met the inclusion criteria for the review by the first rater, JW. A second rater 
(HP) screened 25% of papers identified through the execution of the search strategy. There was a 99% 
agreement between the two raters on papers to be included. Disagreements related to EPADs which 
were considered portable. Inclusion criteria was then refined to consider EPADs which could be used 
and transported in one hand. Of the articles which met the inclusion criteria, the full-text of the article 
was screened against the PICO criteria identified above. 
Data collection process 
In addition to the variables presented in the characteristics of included studies table (Table 1.1), 
additional study data was extracted into an excel spreadsheet with a column for each variable which 
was checked for accuracy by HP. The additional variables included the number of stroke patients in 
each study, the stroke aetiologies, demographics of participants and the study inclusion criteria. 
Risk of bias 
The methodological quality of included studies was evaluated according to the study design. For group 
studies, the PEDro scale (Maher et al., 2003) was used and for SCED studies, the RoBiN-T scale was 
used.  
The PEDro scale (Appendix 1.3) consists of 11 items where a zero or one-point score is awarded on 
each item, with the exception of item one which is omitted from scoring, giving a total score out of 
ten. The PEDro has demonstrated reliability and validity, and good to substantial kappa consensus 
values with 2-3 raters (Maher et al., 2003). The PEDro scale is a comprehensive measure in the 
assessment of study methodologies in stroke rehabilitation (Bhogal et al., 2005) and has been utilised 
in studies utilising several different methodological designs (Moseley et al., 2015). The average study 
score using the PEDro scale is 5.1 (PEDro, 2021). 
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The RoBiN-T (Appendix 1.4) consists of two subscales; a seven-item internal validity subscale and an 
eight-item external validity subscale. A zero, one or two-point score is awarded for each of the 15 
items, over the two subscales, according to the scoring criteria outlined in the RoBiN-T manual, with 
a total score out of thirty. The RoBiN-T total and subscale scores have demonstrated good validity and 
inter-rater reliability for pairs of raters (Tate et al., 2014).  
In this review, studies were evaluated independently by two raters, JW and HP, using the two 
methodological rating scales above. HP assessed 20% of the papers to establish inter-rater reliability. 
There was a 91% agreement between the two raters suggesting adequate inter-rater reliability. 
Discrepancies were then resolved through discussion between the two raters. 
Results 
Included Articles 
The records identified according to the systematic review inclusion criteria are displayed in the 
PRISMA flow chart below (Figure 1.1). Of the 1079 total papers identified, 205 duplicates were 
removed and therefore, 874 papers were title and abstract screened to determine whether they met 
the inclusion criteria for the review. Twenty-three papers were full text and reference screened of 




Table 1.1  


























































Yes Friedman test revealed a significant difference in 
prospective memory mistakes across study phases (X2 (3) 
= 8.63, p = .035. Post-hoc Wilcoxon signed-ranks test 
demonstrated a statistically non-significant difference in 
the number of prospective memory mistakes made at 
long-term follow-up relative to baseline A1 (z = -1.19, p = 
.23, r = -0.37) and return to baseline B1 (z = -.77, p = .44, 
r = -0.24) or short-term follow-up B2 (z = -1.90, p = .058, 
r = -0.60). 
Kamwesig




















tasks and a 
once daily 
text to rate 
own memory 
performance 
No Mann Whitney U analysis of self-report Stroke Impact 
Scale (Ugandan version) demonstrated no significant 
differences in memory scores between the intervention 
and control group at baseline p = .2 or at eight-week 
follow-up, p = .4. Mean change in scores between 




























No Non-overlapping pairs analysis showed a non-significant 
change in memory performance when the smartwatch 
was introduced for participant one, NAP -.03 p = 1.0, and 
























Memory performance significantly decreased during the 
return to baseline phase for participant one NAP -.81, p 
< .01 (medium effect of phase change), and for 
participant two NAP -.58, p < .01 (small effect of phase 
change). 
















on a daily 
memory log 
No Between-group Mann Whitney U comparisons revealed 
significant effect of pager vs baseline; group A with pager 
Vs B without (z = 2.93, p = <.01, r = 0.49), group B with 
pager, group A without (z = 2.51, p = .01, r = 0.42). 
Within group differences over study; significant positive 
effect of the introduction of pager relative to first 
baseline; group A (z = 4.17, p = < .01, r = 0.70), group B (z 
= 3.06, p = <.01, r = 0.21) and return to baseline (only 
group A had this phase) in group A (z = -3.36, p <.01, r = -
0.56). 
Participants completed significantly more memory 
events (z = < 1.643) using the pager than without (33/36, 



































No EPAD data missing for 1 of 4 stroke participants. One 
participant achieved 100% of memory targets across all 
three phases. One participant completed 34% more 
memory targets relative to baseline and 41% more 
relative to the standard diary phase. One participant 
completed 75% more memory targets relative to the 
standard diary phase (baseline phase data missing) 
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Figure 1.1  









































Duplicate records removed (n = 205) 
 
Records screened (n = 874) Records excluded (n = 849) 
Reports sought for retrieval 
(n = 25) Reports not retrieved (n = 1) 
Reports assessed for eligibility 
(n = 24) 
Reports excluded (n = 19): 
- Less than 50% stroke participants 
and individual data not reported  
(n = 7) 
- Non-EPAD study (n = 2) 
- Review paper (n = 4) 
- No memory outcomes reported  
(n = 2) 
- More than one memory 
intervention running concurrently 
(n = 1) 
- Protocol paper (n = 1) 
- Qualitative paper (n = 1) 
- Non-intervention study (n = 1) 
Studies included in review         
(n = 5) 




























Records identified from 
databases (n = 1079) 
CINAHL (n = 151) 
MedLine (n = 72) 
Embase (n = 164) 
PsycInfo (n = 91) 
PubMed (n = 112) 
WebOfScience (n = 141) 





Seven papers reported less than 50% stroke participants and no individual stroke participant 
data was reported (OʼNeill et al., 2018; de Joode et al., 2013; Gracey et al., 2017; Lannin et al., 
2014; Wilson et al., 2001; Boman & Bartfai, 2009; Svoboda et al., 2012). Four were review 
papers (Martínez et al., 2020; Caprani et al., 2006; Brandt et al., 2020), two papers did not report 
any memory outcomes (Groussard et al., 2018; Andreassen et al., 2020), two studies utilised 
interventions which were not considered to be PEPADs (Boman et al., 2010; Lemoncello et al., 
2011), one study was a qualitative study (Lindqvist & Borell, 2012), one paper was a non-
intervention study (Wong et al., 2017), one paper utilised a PEPAD in conjunction with other 
EPADs (Boman et al., 2007) and one other paper was a protocol  (Andreassen et al., 2017). 
Risk of bias 
Two papers were evaluated using the RoBiN-T (Svoboda et al., 2015; Jamieson et al., 2019), (M 
= 14.5, SD = 0.71). Both studies scored 11/16 and scored the maximum 2 points on 3/8 items of 
the external validity subscale; dependent variable, independent variable and data analysis. On 
the internal validity subscale, both studies scored 4/14 and both studies scored 0 on 5/7 items 
of the internal validity subscale; randomisation, blinding of researcher, blinding of participant, 
inter-rater reliability and treatment adherence. Three group studies were evaluated using the 
PEDro (Fish et al., 2008; McDonald et al., 2011; Kamwesiga et al., 2018), scores ranged from 4 
to 6/10 (M = 5, SD = 1.00). All three studies scored 0 on items relating to the blinding of 
participants, therapists and assessors. 
Demographic information and stroke aetiology 
Individual demographic information from SCED studies was combined with averages from group 
studies (Table 1.2). It was not possible to report on demographic variables for all participants 
due to group level data being reported in three studies. Where this data is unknown, it is 
reported as unspecified. Where sex was reported, participants were 51.4% female. Stroke 
aetiology was 48.6% ischaemic stroke, 45.9% haemorrhagic and 5.4% unknown. Time since 
stroke; 35.1% were ≤12 months, 5.4% were 13-24 months and 5.4% were ≥25 months. The 
remaining 34 (45.9%) participants were from one study (Fish et al., 2008); the mean time since 







Participant Data from Included Studies 
Total number of stroke participants 74 
Aetiology of stroke Haemorrhagic = 34 
Ischaemic = 36 
Unspecified = 4 
Time after stroke ≤12 months = 26 
13-24 months = 4 
≥25 months = 4 
Unspecified = 40 
Sex M = 36 
F = 38 
Average age 51.6 years (SD = 7.71) 
 
Three studies reported individual stroke participant data on memory outcomes (Svoboda et al., 
2015; Jamieson et al., 2019; McDonald et al., 2011). The remaining two studies reported only 
group level memory outcome data (Fish et al., 2008; Kamwesiga et al., 2018). 
Type of PEPADs 
All five studies utilised a unique combination of PEPAD technologies. One study (Jamieson et 
al., 2019) utilised a smartphone with Google calendar software synced via Bluetooth to a 
smartwatch. One study investigated the use of either a smartphone or a PDA with calendar 
software (Svoboda et al., 2015). One investigated a mobile telephone without internet 
technology (Kamwesiga et al., 2018). Another study investigated the use of a mobile phone 
linked to a PC with Google calendar software (McDonald et al., 2011). The final study 
investigated a pager system (Fish et al., 2008). 
Training 
Two studies provided participants with training manuals in addition to direct training with a 
member of the study team (Jamieson et al., 2019; McDonald et al., 2011). Training was provided 
by a range of professionals including assistant psychologists, registered psychologists and 
researchers. All but one study reported that participants demonstrated competence in the use 
of the device to the researchers (Kamwesiga et al., 2018). Three studies stipulated an 
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assessment of competence with a percentage cut-off required in order for the participant to 
continue in the study; 100%, 98% and 80% respectively (Jamieson et al., 2019; Svoboda et al., 
2015; McDonald et al., 2011). Three studies reported training duration in minutes, training time 
varied (M = 69, SD = 39.81). Only one study reported training that lasted longer than one session 
(Svoboda et al., 2015). 
Summary of individual study results 
Effect sizes were reported in two studies (Jamieson et al., 2019; McDonald et al., 2011). Two 
studies reported sufficient data for an effect size to be calculated by the review author (Fish et 
al., 2008; Svoboda et al., 2015).  
Comparisons to non-active control/ baseline phases 
One study which achieved 6/10 on the PEDro scale, reported a statistically significant 
improvement in PM performance with a large effect size following the introduction of a pager 
and a significant decrease in PM performance with a large effect size following its removal (Fish 
et al., 2008). One study, which scored 15/30 on the RoBiN-T, found no significant improvement 
in PM performance following the introduction of the PEPAD, but a significant deterioration 
following its removal (Jamieson et al., 2019). Of the two stroke participants with available data 
in one study, which achieved 5/10 on the PEDro scale, one participant completed more memory 
tasks using the PEPAD than at baseline, the other reported 100% memory task performance 
across all study phases (McDonald et al., 2011). One study which achieved 4/10 on the PEDro 
scale reported no significant between or within-group differences were reported in relation to 
baseline in the remaining study (Kamwesiga et al., 2018).  
Long-term follow up 
One study which achieved 15/30 on the RoBiN-T, reported long-term outcomes (Svoboda et al., 
2015). PEPAD usage for PM tasks was not significantly different at long-term relative to short-
term follow-up, although a large effect size was calculated from group data. 
Comparisons to active control interventions 
Two stroke participants completed between 41-75% more memory events with the PEPAD than 
when using a paper diary. A third participant reported a 100% memory task completion rate 





This review aimed to evaluate the efficacy of PEPADs in both the short and long-term, report 
on the types of PEPADs investigated, highlight whether participants received training in their 
use, report on participant feedback regarding the PEPAD and assess the methodological quality 
of the included studies. 
PEPADs 
A trend is apparent from the chronology of the studies; older studies used pagers and mobile 
phones without internet connectivity whereas more recent studies utilised smartphones and 
smartwatch technology with internet connectivity. This may reflect the development of newer, 
internet-connected, technologies which are ubiquitous in modern society and support users 
with everyday tasks, such as Amazon’s Alexa virtual assistant, and thus superseding older 
communication technologies (Wong et al., 2017). An exception to this trend was found in a 
recent study in sub-Saharan Africa which utilised a traditional mobile phone without internet 
capabilities (Kamwesiga et al., 2018). Mobile phones are reported to be increasingly accessible 
and affordable, and perceived to be very important in enhancing functioning in everyday living 
for sub-Saharan stroke survivors and families (Kamwesiga et al., 2017). This highlights the 
importance of considering wider individual and societal contexts in the development and 
evaluation of cognitive rehabilitation strategies, such as PEPADs, for PM impairment following 
stroke by clinicians and researchers.  
Calendar software was used to send reminder prompts to the user’s PEPAD in three of the five 
studies (Svoboda et al., 2015; Jamieson et al., 2019; McDonald et al., 2011). Studies have found 
that reminder prompts can result in a higher memory task completion rate than using paper 
calendars (Dowds et al., 2011), a finding replicated by McDonald et al. (2011). A possible 
explanation of this finding may be that electronic calendars do not require the person to 
remember to check their calendar like they would with a paper calendar. Instead, electronic 
calendars deliver an active reminder prompt directly to the user’s PEPAD, at a pre-set time, 
notifying them of their intention to complete a pre-specified task, at a pre-specified time. 
Interestingly, the only mobile phone-based study which did not use an electronic calendar, 
instead participants received a text message listing their chosen memory tasks to be completed 
twice daily, found no difference in task completion rates between the PEPAD and non-PEPAD 
control group. This highlights that PEPADs with calendar functions that provide active reminder 
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prompts to complete prespecified tasks at pre-specified times may be efficacious in the 
rehabilitation of PM impairment following stroke. 
Although four of the five studies utilised mobile/smartphones, each study had a unique 
combination of PEPAD and reminder software. Therefore, this review concurs with earlier 
reviews that it is not practical to assess the efficacy of an individual type of PEPAD (Dewar et al., 
2018). Instead, it may be more meaningful to review whether PEPADs are efficacious and 
acceptable to people affected by specific clinical presentations, such as TBI or stroke, in order 
to inform clinical guidelines for individual conditions. 
Efficacy 
This review highlighted a mixed picture of the efficacy of PEPADs in the rehabilitation of PM 
impairment following stroke. One study, with four stroke participants, reported an increase in 
PM performance using the PEPAD in comparison to a paper-based diary in two participants and 
in one participant in comparison to no memory aid. The remaining stroke participant reported 
a 100% memory task completion across all study phases. Interestingly, two of four stroke 
participants reported a baseline PM task completion rate of over 92% (McDonald et al., 2011). 
Other studies have also reported high baseline PM performance making it difficult to report any 
measurable, positive effect of the PEPAD despite self-reported PM difficulties (Evald, 2018). 
There may be several possible explanations of this high baseline performance, such as a novelty 
effect of taking part in the study and study-related stimuli (Jamieson et al., 2019) or that prior 
to the baseline phase commencing, participants established new routines involving the study 
target memory events (McDonald et al., 2011). Insight into memory difficulties on self-report 
measures (Wilson et al., 2001) and the degree of the person’s cognitive and executive 
impairment (Stapleton et al., 2007) have also been highlighted as important factors in 
establishing the efficacy of PEPADs following ABI. Although it was not possible to draw 
conclusions on whether PEPADs or non-technological memory aids are superior in the 
rehabilitation of PM following stroke, this finding may indicate that patients and clinicians have 
an array of efficacious memory aids to trial if either PEPADs or paper-based memory aids are 
not beneficial or practical for the person (de Joode et al., 2012; Lannin et al., 2014). 
Although findings relating to the introduction of PEPADs on PM performance following baseline 
were mixed, findings revealed lower PM performance when the PEPAD was removed in both 
SCED studies. Interestingly, when baseline and return to baseline PM performance were 
compared, findings varied considerably. Whilst previous studies have reported better PM 
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performance in the return to baseline phase than in the baseline phase (Wilson et al., 2001), 
highlighting a potential role of repeated performance of memory events during the intervention 
leading to habit formation (Baldwin et al., 2011), one study in this review found the opposite; 
better baseline PM performance than return to baseline performance. One possible explanation 
that the authors considered was reduced motivation due to having received the intervention 
and then it being withdrawn (Jamieson et al., 2019). Future studies may consider an ABB design 
with a second intervention phase, for example a paper-based diary, to potentially maintain 
motivation throughout the study. Another explanation may be that baseline performance was 
artificially elevated due to a researcher cueing effect, whereby the introduction of the PM tasks 
acted as a cue to complete PM tasks and therefore, baseline PM performance was not a true 
reflection of participants pre-study PM performance (Fish et al., 2007). 
Overall, a tentative positive effect of PEPADs emerges from the limited literature base; PEPADs 
may result in the completion of more PM tasks through active prompt reminders and be an 
alternative to non-technological memory aids. 
Long-term outcomes 
Cicerone et al (2000) highlighted the importance of long-term follow-up with people using 
memory aids, particularly as this relates to the ability to generalise treatment effects beyond 
the context of the rehabilitation intervention. In this review, one mixed ABI aetiology study 
reported promising long-term outcomes of PEPAD use at 19-month follow-up (Svoboda et al., 
2015). However, from the graphical data reported, it was not possible to identify the stroke 
participants and only group level statistical analysis was reported. Although it is unknown 
whether any of the stroke participants continued to report a positive effect of device use, trends 
observed from the graph indicate continued use for most study participants. The dearth of 
available evidence regarding the use or efficacy of PEPADs for post-stroke PM impairment 
means that limited conclusions can be drawn regarding the generalisability of treatment gains 
beyond the initial study period. 
Training 
Previous reviews have highlighted that participants may require considerable training in the 
operation of EPADs (Cicerone et al., 2005), but in one study, most participants stated they were 
not concerned about the duration of training as it was important in increasing their confidence 
in operating the device (de Joode et al., 2012). Three of the five studies in this review provided 
detailed descriptions of training protocols and durations (which varied considerably), with a 
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mean of less than 70 minutes. This highlights that a relatively short but thorough training in the 
use of PEPADs from clinicians may be effective in improving participant confidence in the use 
of PEPADs as reminder tools for tasks of PM following stroke. Two studies provided participants 
with reference materials in the operation of the EPAD in addition to training. Stroke participants 
have highlighted that watching someone use the PEPAD in person and watching training videos 
are two of the most important strategies in learning how to use PEPADs (Wong et al., 2017). 
Future studies may benefit from reporting training durations, protocols and reference 
materials, as well as any assessment of competence in the use of the PEPAD. 
Additionally, the support participants receive from a nominated person in the use of PEPADs 
has been identified as a means of improving their value (de Joode et al., 2012), with some 
studies explicitly adopting a family-orientated approach (Kamwesiga et al., 2018). Future 
studies may benefit from reporting whether the participant and a nominated person who 
supports them in the use of the PEPAD were assessed as competent in its use. Two studies in 
this review provided details of the assessment of participant competence in using the PEPAD in 
order to progress in the study, but no study reported such competence for a nominated person. 
In order to support participants in the use of PEPADs during the study, research team members 
also require competence in its use (Wong et al., 2017). Therefore, it may be useful for future 
studies to report the training the trainer received and assessment of their level of competence 
in using the PEPAD in order to improve confidence in any potential treatment effect of the 
PEPAD investigated. 
Methodological quality 
The methodological quality of SCED research has been reported to be very variable (Tate et al., 
2013). Practical difficulties in achieving some aspects of internal validity have been highlighted 
in previous SCED studies investigating PEPADs in the rehabilitation of PM memory (Jamieson et 
al., 2014). One issue is the ability to blind participants and assessors during the intervention. 
Both studies reviewed using the RoBiN-T scored 0 points for blinding of participant and blinding 
of assessors and scored less than 30% of the points available on the RoBiN-T measure of internal 
validity. Furthermore, none of the three group studies scored a point on any PEDro item relating 
to blinding or scored more than 50% of the points available on the internal validity subscale 
either. Whilst blinded assessors and concealed allocations group/ treatment conditions could 
enhance internal validity, the feasibility of achieving blinding in non-pharmacological trials has 
been regarded as difficult to achieve and maintain (Boutron et al., 2004). Future studies could 
take steps to address other, more practical risks of potential bias, such as randomisation to 
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treatment or study phase in SCED studies. In addressing these practical risks, greater confidence 
in the effect of the PEPAD may be afforded.  
According to Tate et al. (2014), two critical conditions for SCEDs are that studies must have 
discrete phases of intervention application and/or a withdrawal phase, and that the dependent 
variable is measured repeatedly in all study phases. Although the RoBiN-T does not penalise a 
study for having only one data point per phase on the scoring criteria for item 1: Design, it is 
worth noting that the Svoboda et al. (2015) study only reported one data point during each 
phase, which may call in to question whether this is in fact a SCED, according to Tate et al. 
(2014). In addition to meeting the RoBiN-T scoring criteria, the Svoboda et al. (2015) study 
reported individual memory outcome data in addition to group level data and therefore, the 
RoBiN-T was regarded as a useful tool to comment on the methodological quality of this study. 
Baseline conditions varied considerably in the included studies, from the cessation of the use of 
all existing memory aids to continued use of any current memory aid, to employing ABA and 
ABB study designs. These variations in design and baseline memory aid conditions complicate 
comparisons of effect of PEPADs across the limited number of studies. It could also be argued 
that withdrawal designs which instruct participants to stop using any memory aids for a number 
of weeks, particularly participants who report high baseline PM performance using them, could 
be deleterious to their everyday functioning and be considered unethical. 
Limitations 
There are several limitations to this review. Only 25% of abstracts were screened by a second 
reviewer and one author full-text screened articles for inclusion. It may be that some articles 
which may have met the study inclusion criteria were excluded during screening. 
Seven mixed ABI aetiology papers which included stroke participants were excluded from the 
review as individual data was not reported or not received which could have impacted the 
conclusions of this review. Should this data become available, a more comprehensive 
understanding of the efficacy of PEPADs in the rehabilitation of PM impairment may emerge to 
inform clinical guidelines and practice. Future mixed aetiology group studies would benefit from 
publishing individual data or raw data so that future reviews can pool data according to various 
factors, such as aetiology, cognitive presentation or study design. 
Heterogeneity in study design and analysis precluded a meaningful meta-analysis. Instead, a 
narrative report of outcomes and methodologies was employed. This limits the ability to draw 
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conclusions of effect in this review and limits the interpretation of the limited data available for 
the efficacy of PEPADs in the rehabilitation of PM impairment following stroke. Furthermore, 
due to the high degree of heterogeneity in study design and statistical analysis, a considerable 
variability in the presentation of data, the presence of missing data and not receiving the 
requested individual participant data from some authors, it is very difficult to draw conclusions 
on the broad efficacy of PEPADs, or recommend any specific PEPADs, in the rehabilitation of PM 
impairment following stroke from the studies included in this review. 
Conclusion 
Electronic technologies as external memory aids have been recommended as a ‘practice 
standard’ in the rehabilitation of PM following stroke and TBI (Cicerone et al., 2019). Although 
several studies have found that PEPADS, including pagers and smartphones, are efficacious in 
memory rehabilitation following ABI, a dearth of studies investigating the efficacy of PEPADs in 
the rehabilitation of PM impairment following stroke was found. A mixed but promising 
evidence base emerged as well as an apparent trend in the type of PEPAD technologies being 
investigated with several more recent studies investigating calendar software linked to a mobile 
phone or smartphone. However, this review highlights that the long-term efficacy of PEPADs in 
the rehabilitation of PM following stroke remains to be established. The methodological quality 
of included studies were also rated as quite low, with low scores observed on measures of 
internal validity. Whilst some concerns regarding internal validity could be ameliorated through 
blinding and randomising participants to treatment or study phase, this may be difficult to 
achieve in practice, particularly in SCED studies. These findings highlight how further, 
innovatively designed research investigating both the short- and long-term efficacy of PEPADs 
in the rehabilitation of PM impairment following stroke are required in order to inform clinical 
guidelines. 
In summary, PEPADs may enhance PM performance on tasks of everyday living and may be a 
valuable alternative to, if not an improvement on, non-technological external memory aids. This 
may have clinical implications in increasing the number of efficacious memory aids available to 
people with post-stroke PM impairment whilst considering the patient’s personal and societal 
context and preference. 
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Plain language summary 
Title 
ApplTree: A Single Case Experimental Design Study of a Smartphone Reminding Application with 
Community-Dwelling Adults Who Have Sustained a Stroke 
Background 
Up to a third of people report difficulties with memory following stroke. Difficulties 
remembering to do things at a future point or ‘prospective memory’ (PM) can affect a person’s 
ability to complete everyday tasks of daily living, such as attend appointments, and limit their 
independence. Memory aids can be helpful in reducing memory difficulties following stroke by 
reminding someone to complete an intended task. Memory aids can be paper-based; such as 
wall calendars, which a person must remember to check for upcoming events, or electronic, 
such as smartphones which can alert a person about upcoming tasks. One smartphone 
application developed as an electronic memory aid is ApplTree. Users can enter details of 
upcoming events and set a reminder to alert them at a specific time to an upcoming event.  
Aims 
This study aimed to investigate whether the use of ApplTree would lead to a significant increase 
in the number of everyday tasks of PM successfully completed by stroke participants in 
comparison to using their current memory aid(s). This study also aimed to investigate whether 
participants regarded ApplTree as a usable and acceptable memory aid. 
Method 
Three community-dwelling stroke survivors with self- or other-reported difficulties with PM 
identified some everyday tasks of PM which were important to them. Participants recorded 
these tasks in advance of their occurrence on a memory log during each day of the study. 
Participants then used their current memory aids for either 5-, 6- or 7-weeks (without ApplTree) 
before receiving training in how to use ApplTree. Participants then entered the identified tasks 
on to ApplTree and set reminders to complete them over a 5-week period. Each participant 
nominated their partner to record whether they remembered to complete the identified tasks 
at the time they intended to, at the end of each day. At the end of the study, participants 





Although all three participants reported PM difficulties, all three participants reported a high 
number of PM tasks completed using their own memory aids. ApplTree did not result in a 
significant increase in the number of PM tasks completed. However, all participants predicted 
that they would continue to use ApplTree over the next 3 months and reported scores which 
indicated that ApplTree was acceptable and usable. 
Conclusions 
Participant scores on the questionnaire indicated that ApplTree was acceptable and usable. All 
participants reported that they intended to use ApplTree over the next 3 months. A high 
number of PM tasks using participants current paper-based memory aids was observed which 
meant that, for two participants, there was little room to evaluate any positive effect of using 
ApplTree. Possible explanations for high PM performance reported in this study are discussed, 
such as whether the participant’s current, paper-based memory aids were sufficient to help 
with completing everyday tasks of PM. Recommendations for future research in this area are 
discussed. 




Electronic memory aids have been recommended in practice guidelines on the rehabilitation of 
prospective memory (PM) following stroke. ApplTree is a smartphone reminder application 
which delivers user-programmed, active-reminder prompts of tasks of PM. This study 
investigated the efficacy, usability and acceptance of ApplTree with three community-dwelling 
stroke participants with reported PM difficulties. An AB, multiple baseline, single case 
experimental design study was conducted. Participants identified everyday tasks of PM, were 
randomised to a 5-, 6- or 7-week baseline without ApplTree, followed by training in the use of 
ApplTree and a 5-week intervention phase using ApplTree. Each participant nominated a person 
to record whether they remembered to complete these tasks using a memory log during both 
phases. Visual and statistical analysis of memory log data using Tau-U revealed that ApplTree 
did not result in a statistically significant increase in PM task completions. However, participants 
reported that they predicted they would continue to use ApplTree over the next 3 months and 
reported scores which indicated that ApplTree was both acceptable and usable. Reasons for 
high baseline PM performance, which may have affected the ability to evaluate ApplTree’s 
efficacy statistically, are discussed, as well as limitations and potential directions for future 
research. 














Stroke is a life-threatening, cerebrovascular accident (Zhelev et al., 2019). Up to two thirds of 
stroke survivors are discharged from hospital with some form of impairment (Adamson et al., 
2004). Commonly reported impairments include physical disability, psychological disorders, 
social difficulties and cognitive impairments (Ferro et al., 2016), including executive function 
and memory deficits (Salis et al., 2019).  
Up to one in three stroke survivors report difficulties with memory (Novitzke, 2008). Memory 
difficulties can affect a person’s ability to recall past events (retrospective memory), and a 
person’s ability to remember to carry out intended actions in the future (prospective memory). 
Ellis (1996) defined prospective memory (PM) as the realising of delayed intentions. PM 
intentions may be time-based (e.g. call John at 10am), or event-based (e.g. post letter in the 
post-box at the end of the road on the way to work) (Crystal & Wilson, 2015). Impairments in 
PM can have deleterious effects on a person’s ability to carry out activities of daily living, such 
as attending appointments and taking medications and decrease long-term functional 
independence (Baumann et al., 2011). It may not be surprising, then, that researchers, 
clinicians, stroke survivors and their families, have identified cognitive rehabilitation (CR) as one 
of the top ten priority areas for stroke research according to the James Lind Alliance (2021). CR 
adopts an individualised, problem-solving approach to support an individual during their 
functional recovery, in domains such as memory, with the aim of enhancing quality of life (das 
Nair et al., 2016). One approach to the CR of memory difficulties is the use of internal memory 
strategies, such as the repeated rehearsal of information or tasks. Another approach is the use 
of external memory aids, such as paper calendars (Spreij et al., 2014).  
Memory aids 
External memory aids, such as electronic devices and paper notebooks, have been 
recommended as a ‘practice standard’ for improving PM impairment following stroke (Cicerone 
et al., 2019). Whilst there are many different memory aids, they can fall under one of two broad 
categories; non-electronic or electronic, both of which have been found to be efficacious in the 
rehabilitation of PM impairment (Sohlberg et al., 2007).  
Non-electronic memory aids can include low-cost items such as paper diaries and calendars 
which serve to remind the person to complete a task of PM. This requires the person to 
remember to check the memory aid in order to remind themselves of upcoming events; in other 
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words, they must remember to remember (Crystal & Wilson, 2015). This type of memory aid 
may therefore be referred to as providing ‘passive reminders’ (Dowds et al., 2011).  
Electronic memory aids, on the other hand, can assist in tasks of PM by providing the user with 
‘active reminder’ prompts to complete PM intentions. Studies in acquired brain injury (ABI) have 
found that active reminder prompts delivered by electronic memory aids can lead to a higher 
likelihood of completing PM tasks than using a paper calendar (Dowds et al., 2011). Several 
electronic memory aids, also known as Electronic Personal Assistant Devices (EPADs), have been 
found to be efficacious with people experiencing memory difficulties following stroke, such as 
pagers (Fish et al., 2008), mobile phones (Andreassen et al., 2020) and smartphones (Svoboda 
et al., 2015). Smartphones can be linked to interactive electronic calendar applications in which 
the user can enter the details of future tasks and events and set reminders, which alert the user, 
through various sensory modalities, to complete the programmed tasks (Gillespie et al., 2011). 
By delivering active reminder prompts, and thereby reducing the need for the person to engage 
in the self-initiated checking of upcoming PM tasks that paper-based memory aids require, 
smartphone-based active reminders could be helpful in the rehabilitation of PM following 
stroke. For instance, MindMate, a smartphone-based electronic calendar application, has been 
investigated in older adults with Alzheimer’s dementia and was found to lead to an increased 
likelihood of completing tasks of PM (McGoldrick et al., 2019). 
EPADs in post-stroke PM rehabilitation 
Several studies have investigated the efficacy of EPADs in the rehabilitation of PM within 
acquired- or traumatic- brain injury populations, however, there are fewer studies which have 
reported outcomes for EPADs in in the rehabilitation of PM in stroke populations specifically. 
A randomised crossover study with 36 stroke participants found that a pager system 
‘NeuroPage’, which sent reminder messages to participant’s pagers resulted in significantly 
more personally meaningful memory goals being completed than without its use (Fish et al., 
2008). Participants were reported to complete, on average, 34% more PM tasks with the pager 
and a significant decrease in PM performance was found following its removal. However, this 
group of stroke participants were relatively young, with a mean age of 43.55 years. This is 
significant, in that whilst promising findings have been reported in the use of EPADs in the 
rehabilitation of PM impairment following ABI, a negative association between age and 
technology use has been reported (Evans et al., 2003), as well as a negative association between 
age and brain injury outcome (Skaansar et al., 2020). 
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One mixed ABI aetiology study by McDonald et al. (2011), reported increased PM performance 
in two of four stroke participants using a smartphone linked to Google Calendar in comparison 
to a paper diary condition and a significant increase in the number of PM tasks completed with 
the EPAD in comparison to no memory aid use. However, missing data and high baseline PM 
task performance limited conclusions regarding the efficacy of the EPAD in comparison to the 
paper diary condition for half of the stroke participants. Another smartphone-based calendar 
application developed for people with memory difficulties following ABI is ApplTree (Jamieson, 
2015). 
ApplTree  
ApplTree is an interactive calendar software application which allows users to enter details of 
future tasks and events, and can be programmed to send prompts to the user’s smartphone in 
order to remind them to complete the scheduled event, at the pre-specified time (Jamieson et 
al., 2020). ApplTree allows users to enter fully customisable reminders for upcoming events and 
can prompt the user to add any additional events. Once reminders have been entered, the user 
can select the sensory modality of the reminder alert, either vibrate only or vibrate and sound. 
ApplTree has two user interface options for entering reminders. One interface is ‘broad-
shallow’, where the user enters data on one screen, requiring the user to navigate multiple 
pieces of information and scrolling is required. The other interface is referred to as ‘narrow-
deep’ and involves the user having small amounts of information presented over several 
successive screens as they work through the process of entering reminders. The ‘narrow-deep’ 
interface reduces attentional demand on the user and is easier to use than the ‘broad-shallow’ 
interface (Jamieson et al., 2020). A pilot feasibility randomised controlled trial of ApplTree, 
concerned primarily with efficacy, is currently collecting outcomes on memory performance 
and gathering feedback regarding how best to implement a mobile reminder application 
intervention (Jamieson, 2019a). 
Issues in EPAD use 
There are a range of social, physical and practical factors which may influence a person’s use of 
EPADs, such as smartphones (Baldwin et al., 2011). For example, insight into memory difficulties 
(Wilson et al., 2001), the acceptability and relevance of the device in daily life (Gell et al., 2015), 
and cognitive and executive functioning impairments (Stapleton et al., 2007). Despite the 
reported efficacy of EPADs in the rehabilitation of PM impairment, some EPADs are limited in 
that the user is unable to programme the EPAD with PM tasks directly, for instance NeuroPage 
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required the researcher to update the programme to send the prompt to the user’s pager. 
Training and support in the use of EPADs which allow users to programme their own goals has 
been highlighted in the field of PM rehabilitation (Heart & Kalderon, 2013), with practice 
guidelines and standards highlighting that some participants may require considerable training 
to learn how to operate such devices (Cicerone et al., 2005). Stroke participants have reported 
two strategies as helpful when learning how to use an EPAD; watching someone use it in-person 
and instructional training videos (Wong et al., 2017). When considering the use of EPADs in the 
cognitive rehabilitation of PM impairment following stroke, several of the above factors may 
intersect, such as age, memory impairment and access to support in using EPAD technology. 
Despite these factors and considerations, prospective users and clinicians have reported 
optimism about the use of assistive technologies such as EPADs in the field of 
neurorehabilitation (de Joode et al., 2010). 
Current study 
With the potential usefulness of smartphone-based calendar applications in delivering active 
reminder prompts of PM intentions, this study aimed to assess the efficacy, acceptability and 
usefulness of the smartphone reminder application ‘ApplTree’ in tasks of everyday PM with 
stroke survivors reporting PM difficulties. The Single-Case Reporting guideline In BEhavioural 
interventions (SCRIBE) 2016 Checklist (Tate et al., 2016) was followed in the reporting of this 
study. 
The primary hypothesis was that the introduction of ApplTree, in providing reminder prompts 
of personally-meaningful tasks of PM, would lead to a significant increase in the number of PM 
tasks successfully completed. 
The secondary hypothesis was that ApplTree will be regarded as acceptable and usable. 
Method 
Design 
This study utilised a Single Case Experimental Design (SCED) with three community-dwelling 
stroke participants. SCEDs have received increased acceptance in the field of rehabilitation and 
are one way of achieving the aim of evaluating change during a study by addressing whether 
the changes observed are due to the effect of the intervention or other external factors (Wilson, 
2011). A multiple baseline, across participants design was used. This design allows for a degree 
of experimental control whilst countering the ethical concerns of removing a potentially 
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effective intervention, as per withdrawal designs (Byiers et al., 2012). During phase ‘A’ 
(baseline), stroke participants completed pre-set tasks of PM memory which were recorded on 
a memory log by a person they nominated (their nominated person) on a daily basis, without 
the use of ApplTree. Participants were able to use any other memory aids they were currently 
using. During phase ‘B’ (intervention), stroke participants and their nominated person 
completed the same memory log procedure as at baseline, but were alerted by ApplTree to the 
PM tasks they had programmed on to the app. PM performance during phase A was a control 
and compared to PM performance during phase B. The independent variable was therefore 
phase of study and the dependent variable was the proportion of PM tasks completed. 
Participants were randomly assigned to either a 5-, 6- or 7-week baseline phase using an 
electronic randomiser programme by the Social Psychology Network 
(http://www.randomizer.org). Due to recruitment difficulties, baselines were non-concurrent, 
with the third participant beginning the baseline phase two weeks after participants one and 
two. Following the baseline phase, participants received training in the use of ApplTree with the 
researcher before beginning the intervention phase which lasted 5 weeks. The study therefore 
met SCED standards which state that a minimum of three data points must be present in each 
phase, with three opportunities to demonstrate the experimental effect (Kratochwill et al., 
2012). As participants received training in the use of ApplTree by the researcher, it was not 
possible to blind participants or researchers to the study phase. Although one replication of the 
study was planned, it was not possible to recruit the three additional participants required. 
Ethics 
Management approval was granted by NHS Highland (Highland 1694) (Appendix 2.2). Ethical 
approval was granted by the North of Scotland Research Ethics Committee 1 (20/NS/0108) 
(Appendix 2.3). A substantial amendment was submitted and approved (Appendix 2.4) to 
expand recruitment from adults aged 65+ years to adults aged 18+ years. 
Participants 
The Stroke Coordinator in the Chest Heart and Stroke Team at NHS Highland identified and 
approached potential participants who had to have had a medically confirmed stroke with self- 
or other-reported PM difficulties. Participants were required to own, and presumed competent 
in the use of, a smartphone with reliable internet connection, as well as share accommodation 
with their nominated person. Participants were made aware that their participation was 




• Non-fluent English speakers 
• Aged <18 years 
• Index stroke <6 months prior to recruitment 
• Diagnosed, pre-existing neurological condition 
• Severe psychiatric diagnosis (e.g. psychosis, depression) 
• Pre-existing dementia or ABI diagnosis 
• Diagnosed or suspected learning disability 
• Cognitive impairment of sufficient severity that would prevent the participant using 
ApplTree 
• Don’t currently use a smartphone 
• Physical, visual or auditory impairments which, if uncorrected with assistive aids, 
prevent the operation of a smartphone 
Procedure 
Prospective participants provided consent to be contacted by the researcher and were provided 
with a participant information sheet (Appendix 2.5) and a nominated person information sheet 
(Appendix 2.6). Study-related questions were answered by the researcher prior to obtaining 
informed consent from the stroke participants (Appendix 2.7) and their nominated person 
(Appendix 2.8). Information regarding current memory aid use and the identification of 
personally meaningful memory tasks were gathered during a telephone interview, alongside 
subjective reports of any cognitive and psychological difficulties prior to randomisation 
(Appendix 2.9). Participants completed the following assessments of cognitive function via 
video call (due to covid-19 restrictions): 
• Test of Pre-Morbid Functioning (Wechsler, 2011) 
• Wechsler Memory Scale-IV, Auditory Memory Index (Wechsler, 2009) 
• Delis–Kaplan Executive Function System, Verbal Fluency subtest (Delis et al., 2001) 
• Centre for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977) 
None of the participants had completed any of these assessments prior to the study. The 
nominated person completed the Prospective and Retrospective Memory Questionnaire 
(PRMQ) proxy-rater (Smith et al., 2000) which has better psychometric properties than the self-
report version (Arnold & Bayen, 2019). The nominated person also maintained a memory log 
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(Appendix 2.10) throughout the baseline and intervention phases which detailed the 
participant’s memory tasks for each day of the week (see table 2.1 below for sample memory 
tasks). 
 
Table 2.1  
Sample Memory Tasks for Each Participant 
 Sample memory tasks from weekly memory log 
Participant 1 
▪ Take morning medication 
▪ Call friend 
Participant 2 
▪ Dentist appointment 
▪ Complete urology chart 
Participant 3 
▪ Walk the dog 
▪ Take morning and evening medication 
 
The researcher contacted each participant and their nominated person by telephone on a Friday 
to remind them to complete the memory log and support the participant to identify any 
upcoming events. Participants entered their memory tasks into ApplTree on their smartphone 
using the ‘narrow-deep’ interface with the assistance of their nominated person if required, 
chose when the reminder for each event would activate and selected the modality of the 
reminder alert (vibrate or vibrate and sound). Participants agreed to keep their phone beside 
them and on a setting which allowed them to hear and/or feel the reminder alert. Memory logs 
were sent at the end of each week to the researcher via email. 
Assistive technologies must be acceptable and relevant in tasks of daily living (Gell et al., 2015), 
therefore, participants completed an adapted version of the Unified Theory of Acceptance and 
Use of Technology (UTAUT; Venkatesh et al., 2003) at the end of the intervention phase 
(Appendix 2.11). The UTAUT is a theory-driven measure of the acceptance and usage of 
information technologies and has been investigated in a range of settings (Chao, 2019). The 
UTAUT has been reported to explain up to 70% of the variance in intention to use an information 
technology system (Venkatesh et al., 2003) and consists of eight domains, each consisting of 
items rated on a 7-point likert scale, giving both domain and overall scores. Participants were 





Although participant characteristics are reported for three participants (see table 2.2), a fourth 
participant withdrew consent prior to completing the cognitive assessments and randomisation 
due to a deterioration in their physical health. 
Training 
Participants and their nominated person received a link to a 20-minute video on how to 
download and use the functions of ApplTree (which they were able to refer back to throughout 
the study) prior to a 30-minute training session with the researcher via video call. The 
researcher demonstrated how to navigate between the calendar and reminder input sections, 
how to enter, edit and delete reminders, as well as how to use the calendar section to view 
upcoming memory tasks (appendix 2.12). Participants were set a task to enter a medication 
reminder to demonstrate competence in using the app. All participants achieved this task 

















Participant Characteristics and Cognitive Profiles with Percentiles and Classifications 
 Participant 1 Participant 2 Participant 3 
Age 63 73 63 
Sex Male Female Male 
Stroke aetiology Left middle cerebral 
artery infarct 
Left occipital infarct 




Time since index/ 
most recent stroke 21 months 84 months 52 months 
Weekly memory 
log completed by Partner Partner Partner 
Memory aid use 
during baseline Wall calendar 





24 (Low average 
score) 
1 (Exceptionally low 
score) 
1 (Exceptionally low 
score) 
PRMQ prospective 24 (Low average 
score) 
1 (Exceptionally low 
score) 
1 (Exceptionally low 
score) 
PRMQ total 50 (Average score) 
1 (Exceptionally low 
score) 
2 (Below average 
score) 
TOPF estimated 




1 (Exceptionally                
low score) 
84 (High average 
score) 





2 (Below average 
score) 
50 (Average score) 





5 (Below average 
score) 
25 (Average score) 





1 (Exceptionally                
low score) 
9 (Low average 
score) 
5 (Below average 
score) 
WMS-IV AMI 1 (Exceptionally                
low score) 
37 (Average score) 




16 (Low average 
score) 
63 (Average score) 
2 (Exceptionally low 
score) 
CES-D raw score 7 17* 11 
Key; PRMQ = Prospective and Retrospective Memory Questionnaire proxy-version, TOPF = Test of 
Pre-Morbid Functioning, WMS-IV = Wechsler Memory Scale fourth edition, DMI = Delayed Memory 
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Index, AMI = Auditory Memory Index, DKEFS = Delis–Kaplan Executive Function System           
* = clinical range 
Data Analysis 
The percentage of successful PM task completions was calculated from weekly memory log data 
and presented as graphs for visual analysis. Visual analysis allows researchers to evaluate 
changes in behavioural variables within conditions; analysing level (amount of behaviour), trend 
(change in behaviour) and variability (stability) of the data, and also between conditions; to 
interpret the consistency (data pattern over time), overlap (proportion of data at the same 
level) and immediacy (abruptness of change) of data (Ledford et al., 2017). 
Baseline PM task performance and changes in PM task performance between baseline and 
intervention were analysed using Tau-U. This non-parametric data analysis method uses 
pairwise comparisons of data points to analyse non-overlapping data whilst controlling for 
baseline trend, thus allowing for the statistical analysis of change in PM performance between 
phases (Parker & Vannest, 2009). This allows for the determination of the effect of the 
intervention and the computation of effect size (Cliff, 1993). Non-overlapping pairs effect size 
guidelines published by Parker and Vannest (2009) stipulate effects ranging from; 0–.65 as 
weak, .66–.92 as medium and .93–1.0 as large. Tau-U has demonstrated statistical power of 91-
115% of parametric equivalents (Vannest et al., 2011) and reliably detects medium and large 
effect sizes in small sample sizes (Parker et al., 2014). Several studies have demonstrated large 
effect sizes in N=3 SCED studies of app-based reminder technologies (Jamieson et al., 2013; 
McGoldrick et al., 2019). Therefore, it was expected that Tau-U would have sufficient power to 
detect a large effect size if one existed in the current study. Participant responses on the UTAUT 
are reported descriptively and information relating to the strengths and weaknesses of 
ApplTree are reported qualitatively. 
Results 
Visual analysis summary 
To assess whether ApplTree resulted in a greater likelihood of completing PM tasks, visual 
analysis of weekly memory log data during both phases was undertaken. In line with reporting 
standards (Lane and Gast, 2014), the trend, level, variability, immediacy of the effect, overlap 
and consistency of data are reported. A stability envelope which allows analysis of the variability 
of data by determining whether 80% of data points fell within 25% of the phase median, was 




Participant 1’s memory task performance was high during phase A and phase B (see figure 2.1). 
PM task performance increased from 340/406 (83.7%) during phase A to 246/290 (84.8%) 
during phase B. Estimation of trend using the split-middle method indicated an increasing, 
therapeutic trend during phase A and a decreasing, contra-therapeutic trend during phase B. 
Data were stable during both study phases. 
The effect of introducing ApplTree in phase B was not immediately evident through visual 
analysis. Within-condition analysis of trend revealed a change from an accelerating, improving 
trend to a decelerating, deteriorating trend. Absolute and relative level change measures 
indicated a negative (decreasing) change in PM task completions across conditions, whereas 
mean and median level changes indicated a small positive (increasing) change in PM task 
completions. A significant effect of phase A trend was found during within-phase analysis (Tau-
U A vs A) = 0.81, p = .01) and therefore baseline trend was corrected during the phase A-phase B 
Tau-U analysis which revealed a statistically non-significant change. Analysis of PM task 
performance between phase A and phase B using Tau-U revealed a statistically non-significant 
decrease in PM task performance from phase A to phase B (Tau-U A vs B- trend A) = -.31, p = .37, 90% 
CI [-0.89, 0.27].  
 
Participant 2 
Participant 2’s memory task performance was also consistently high during both phases and at 
ceiling in phase B (see figure 2.1). PM performance increased from 48/49 (98.0%) during phase 
A, to 42/42 (100%) during phase B. Estimation of trend using the split-middle method revealed 
no change in trend during either phase, indicating a consistent, zero-celerating trend in PM 
performance throughout the study. Data were stable during both phases (Appendix 2.12). 
The effect of introducing ApplTree in phase B was not immediately evident through visual 
analysis due to 10 of 11 data points at ceiling. Within-condition analysis indicated a small 
increase in PM performance. Median and relative level change measures indicated no change 
across conditions, whereas mean and relative level change measures indicated a small increase 
in PM performance between conditions. Analysis of PM task performance between phase A and 
phase B using Tau-U revealed a statistically non-significant decrease in PM task performance 




Participant 3’s memory task performance was also high but stable during both phases of the 
study. PM performance decreased from 60/63 (95.2%) during phase A to 43/46 (93.5%) during 
phase B. Estimation of trend using the split-middle method indicated no change in trend during 
phase A and an increasing, therapeutic trend during phase B. Data were stable during both 
phases.  
An effect of introducing ApplTree in phase B was immediately evident through visual analysis. 
Within-condition analysis of trend revealed a change from no trend to an accelerating, 
improving trend. Mean, absolute and relative level change measures indicated a negative 
(decreasing) change in PM task completions across conditions, whereas median level changes 
indicated a small positive (increasing) change in PM task completions. Analysis of PM task 
performance between phase A and phase B using Tau-U revealed a statistically non-significant 
change in PM task performance (Tau-U A vs B) = -0.04, p = .92, 90% CI [-0.67, 0.59], from phase A 
to phase B. Missing data for week 4 in phase A and week 1 in phase B, were replaced using the 
minimum-maximum method. This conservative method uses the best baseline score (in this 
study, the highest PM performance) and the worst intervention score (in this study, the lowest 
PM performance) in place of the missing data. The minimum-maximum method is 
recommended when data is missing at random and when the proportion of missing data is 
between 5-30% (Peng & Chen, 2021). Substituted data is highlighted in yellow (see figure 2.1). 
Between conditions analysis 
No patterns in consistency emerged within or across data sets. All data points were within the 























Acceptability and usability  
Participants completed the UTAUT in order to evaluate how usable and acceptable they found 
ApplTree (See table 2.3 below). Data presented for each UTAUT dimension represents the mean 
response of items.  
Table 2.3.  
Mean UTAUT Subtest and Total Scores by Each Participant 










Performance expectancy 6.0 6.0 6.7 18.7 
Effort expectancy 6.8 6.3 6.0 19.1 
Attitude towards the technology 5.7 6.3 6.7 18.7 
Social influence 6.0 4.0 7.0 17.0 
Facilitating conditions 6.5 5.0 6.5 18.0 
Self-efficacy 6.0 5.5 6.3 17.8 
Anxiety* 1.3 4.8 1 7.1 
Behavioural intention 5.0 6.3 7 18.3 
Sum of mean dimension scores  
minus anxiety dimension 
42.3 39.4 46.2  
Mean (1dp) dimension scores out of a total of 7. Higher scores represent better user experience. 
*Scored negatively; higher score represents higher anxiety. 
All three participants gave scores which indicate they predicted they would use ApplTree over 
the next three months. 
Qualitative interview 
Participants were asked follow-up questions regarding the strengths and weaknesses of 
ApplTree following the completion of the UTAUT. 
Participant 1 said that ApplTree was a great idea and was good for reminding them of upcoming 
appointments which they had previously relied on prompts from their nominated person or had 
to remember to check their wall calendar, to complete. They reported that ApplTree may be 
helpful for people who live alone or didn’t have anyone to provide them with reminders. They 
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went on to say that reminders to complete menial tasks, such as filling a water bottle, became 
annoying, but reminders for important things, such as appointments were great. They 
concluded that although they were not good at using technology, ApplTree was easy to use. 
Participant 2 reported that ApplTree helped most by reminding them to complete new tasks for 
which they had not established routines, such as taking a new medication. They said that the 
reminder prompts with sound were the best feature and that they reliably received set 
reminders which meant they didn’t worry about forgetting anything. They also said that 
ApplTree reminders meant that they did not have to remember to check their paper notebook 
for upcoming events and tasks. They said that although they were not very good at using their 
phone, ApplTree was easy to use and that they entered reminders with their nominated person. 
Participant 3 said that ApplTree was a brilliant concept and very handy. They said that the 
vibrate and sound setting made it easy to know when they had a reminder and that their 
nominated person supported them to enter reminders as they were quicker at doing that. Their 
nominated person said ApplTree was a “god send” as they previously prompted the person 
about all upcoming events which ApplTree now does for them. Participant 3 said that ApplTree 
had helped to establish a new medicine routine and that set reminders on ApplTree for events 
that they would’ve forgotten to check their wall calendar for previously. They did, however, 
report that the custom reminder setting did not function and therefore they had to select from 
the default reminder time options i.e. 1 hour before the event. 
Discussion 
This study aimed to investigate whether a smartphone reminder application, ApplTree, would 
lead to a significant increase in the number of PM tasks successfully completed by stroke 
participants with PM difficulties following a baseline period using their current memory aid and 
whether participants would regard ApplTree as acceptable and usable. 
Efficacy 
High levels of baseline PM performance have been previously reported in ABI studies 
investigating EPADs in memory rehabilitation (Evald, 2018). However, baseline PM performance 
for two of the three participants in the current study appear to be very high; one participant 
scored at ceiling for 5/6 (83%) of data points and another participant reported a minimum 




Pre-injury memory aid use has been identified as predictive of post-injury memory aid use. One 
study reported that people using wall calendars were more likely to be considered independent 
than those using any other memory aid (Evans et al., 2003). As all three participants were using 
a wall calendar before and during the baseline phase, one explanation may be that participants’ 
current paper-based memory aids were sufficient to support PM task performance.  
Another plausible explanation of this finding, also highlighted in previous studies, may be that 
introducing daily PM tasks acted as a cue to complete PM tasks, which meant that reported 
baseline PM performance was not a true reflection of pre-study PM performance (Fish et al., 
2007). Another explanation may be that the memory log inadvertently acted as an additional 
paper memory aid or resulted in a practise effect; the nominated person of two participants 
stated that the participant may have benefited from keeping this log and referring to it 
throughout the day. The potential novelty effect of taking part in a study and/ or the effect of 
study-related stimuli have also been previously raised in EPAD research (Jamieson et al., 2019). 
However, a therapeutic, baseline trend was only observed for one participant and the 
nominated person of all three participants said that they continued to provide prompts during 
the baseline phase, provided roughly the same number of prompts before the baseline phase 
as they did during it, and did not think that the participant’s PM functioning had improved in 
comparison to pre-study PM functioning. 
Another possible interpretation of the high baseline performance could be that weekly contact 
with the researcher who listened and responded to concerns regarding memory, in addition to 
recording the use of current paper-based memory aids, provided an inadvertent therapeutic 
effect. Weekly, phone-based communication between researchers and participants was 
identified as helpful during a computerised cognitive training intervention for PM difficulties 
with community-dwelling stroke survivors (Withiel et al., 2020) and all three participants stated 
that they enjoyed weekly contact with the researcher and trying something new. 
This study relied upon the participant and their nominated person recording the same tasks on 
ApplTree as they did on the memory log and accurately completing the memory log. The 
nominated person of two participants stated that the participant added some tasks to the 
memory log after the event and, in order to avoid confrontation or argument, the nominated 
person recorded the task as being successfully remembered. This may contribute to an 
interpretation that high baseline PM performance as reported may not accurately represent 
actual PM performance of some participants. 
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Whilst electronic memory aids have been recommended as a ‘practice standard’ in the 
rehabilitation of PM following stroke (Cicerone et al., 2019), the current study was unable to 
demonstrate a statistically significant effect of the introduction of ApplTree on PM task 
completions, despite reported PM difficulties. This finding adds to a mixed but small pool of 
studies investigating the effects of EPADs on PM performance with stroke participants. Previous 
studies have demonstrated that stroke participants reporting a high proportion of PM task 
completions at baseline (without the use of any memory aids) and during a standard, paper 
diary phase, also reported a high proportion of PM task completions during an electronic 
memory aid phase (McDonald et al., 2011). It may be that people reporting high PM 
performance don’t differentially benefit from active vs passive reminders of PM intentions, 
which may have clinical implications in supporting people to use whichever memory aid is most 
beneficial or best matches their personal context and preference. 
Other studies have found that using EPADs helped participants form and preserve routines and 
that the reliability of the EPAD may be an important factor (Fish et al., 2008). Participants two 
and three in the current study stated that ApplTree was helpful in establishing new routines and 
reliably alerted them to their programmed PM tasks. This finding supplements previous findings 
that reminder technologies may be beneficial in everyday tasks of living including establishing 
routines (Andreassen et al., 2020). 
Acceptance and usability 
All three participants reported overall UTAUT scores which indicated a positive experience of 
using ApplTree. Although participants gave positive scores on the facilitating conditions domain, 
indicating they had the knowledge to use ApplTree, two participants reported that their 
nominated person assisted them in entering all PM tasks on to ApplTree due to low confidence 
and low speed in using their phone. This may highlight the importance of involving partners 
and/or carers in the training and use of EPAD reminder technologies, not least because involving 
family members in cognitive rehabilitation interventions has been identified as a top 10 
research priority area in stroke by the James Lind Alliance (2021), but because knowledge and 
experience in using EPADs may be influential factors in their use (de Joode et al., 2012). This 
finding corroborates previous findings that support from a nominated person is a means of 
improving the value that EPADs and reminder technology can provide (de Joode et al., 2012).  
The relevance of assistive technology in the person’s daily life has been identified as an 
important influencing factor in their use (Gell et al., 2015). Participant one said that as both they 
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and their nominated person lived together and both were quite happy to receive and give PM 
prompts respectively, they felt they did not really need ApplTree. Whilst it is unknown whether 
this affected participant one’s experience of using ApplTree, it remains important that 
participants recruited to EPAD and reminder application studies express an interest in learning 
how to use the EPAD as a memory aid (Evald, 2018), particularly as motivation may be variable 
for participants who are able to adequately use another or current memory aid (de Joode et al., 
2012). Participant one’s interview also raises the importance of setting personally meaningful 
goals in rehabilitation research that reflect the complexity of PM goals people may wish to 
accomplish in their everyday lives which future studies may wish to ensure, rather than ensuring 
that a quantity of goals are set in evaluating the efficacy of PEPADs. Despite participant two 
reporting a relatively higher anxiety score and a neutral social influence score on the UTAUT, 
indicating that they perceived their nominated person was not sure whether using ApplTree 
was important, all participants reported that they either predicted, planned or intended to use 
ApplTree over the next 3 months. However, these findings should be interpreted with caution 
due to the small sample size, the completion of this measure immediately post-intervention and 
also a potential social desirability bias present due the researcher being the single point of 
interaction with participants throughout the study. Nevertheless, findings indicate that 
ApplTree was regarded as both acceptable and usable. 
Limitations 
There are several limitations to the current study. High baseline PM task completions may not 
be representative of other stroke survivors reporting PM difficulties or of participant’s everyday 
PM performance prior to commencing the study. Future studies may add a column to the PM 
log for the nominated person to note whether the participant was prompted to complete the 
task in order to establish whether the amount of prompts they receive change during the study. 
Participants were either retired or volunteers, and lived with their nominated person only. PM 
tasks, and potentially completion rates, may be different for employed or younger stroke 
survivors. High baseline PM task completions as recorded on memory logs also made it difficult 
to statistically determine any positive effect of the introduction of ApplTree. Other measures in 
addition to memory logs may be helpful in establishing the efficacy of reminder technologies, 
such as measures of caregiver strain which are associated with PM difficulties following stroke 
(Baumann et al., 2011) in addition to quality of life measures. 
Guidance on changing phases in SCED studies recommend continuing the baseline phase, until 
the level is stable, when participant data indicates a therapeutic trend (Ledford et al., 2017). 
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Baseline data for one participant was observed to have a therapeutic trend in this study. PM 
scores during the final two baseline data phase points indicated that any beneficial effect of the 
baseline phase had plateaued and thus the phase change occurred as planned at seven weeks. 
Another potential methodological limitation was the presence of missing data which could be a 
threat to the internal validity and conclusions of the study. Although a consensus has not been 
established regarding the amount of missing data in designs using visual and statistical 
inferences, and there are several methods which could be used, missing data met the criteria 
for use of the conservative, minimum-maximum method, which is considered to yield valid 
statistical inferences when utilised under missing at random conditions (Peng & Chen, 2021). 
The missing data method and rationale was also reported as per the SCRIBE (2016) guidelines. 
This study did not utilise a long-term follow-up phase and was therefore unable to add to the 
limited evidence base regarding the long-term efficacy of reminder applications in post-stroke 
PM rehabilitation. As new memory aid use can wane within months (Baldwin et al., 2011), 
future studies may consider assessing the acceptability and usability of reminder applications, 
continued device use and self- and proxy-report measures of PM at long-term follow-up.  
Although participants successfully entered a fictitious appointment reminder, without support 
from the researcher, to demonstrate competence in using ApplTree, previous studies have 
utilised cut off scores in order to progress to the intervention phase (McDonald et al., 2011) or 
continued training until a perfect score was obtained (Jamieson et al., 2019b). Future studies 
may benefit from reporting the training participants and a nominated person received in using 
reminder technologies and assess proficiency in their use. To the best of their knowledge, the 
author is unaware of any EPAD reminder study in stroke rehabilitation which has reported on 
the competence of a nominated person and the participant in the use of a reminder technology. 
Recruitment was quite difficult in the current study. There may be several reasons for this, 
including the design of the study and factors associated with the target population, amongst 
others. When prospective participants were contacted, it was anecdotally noted that older 
potential participants tended to be more apprehensive about their ability to use their 
smartphone to the perceived level required or did not own a smartphone. This may be intrinsic 
to the rapid development of newer technologies in society, such as smartphones, which older 
adults are less likely to own and use (Onyeaka et al., 2021). Additionally, whilst one advantage 
of SCEDs is that reliable conclusions can be drawn from relatively fewer participants, due to 
their rigorous design (Krasny-Pacini & Evans., 2018), participants in the current study were 
required to invest considerable amounts of time in completing baseline assessments, 
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interviews, memory logs and weekly contact with the researcher, over a period of 10-12 weeks. 
Participants also received weekly support in using and problem-solving issues using ApplTree, 
for six weeks. Whilst the research team was able to offer this level of support, in clinical 
contexts, it may be difficult for community rehabilitation teams to offer similar levels of support. 
Although one participant reported that they enjoyed the ApplTree reminder tone, two 
participants stated that they received too many reminders and that this became distracting and 
annoying; highlighting that reminders must not add further stress to participants and also be 
meaningful (Ferguson et al., 2015). Furthermore, the nominated person of participant two 
reported a ‘bug’ after the study ended which affected the ability of the user to enter a 
customised reminder time. As the participant achieved ceiling PM performance during three of 
five intervention phase data points, this was unlikely to have greatly affected the efficacy 
results, but may have affected their views on the acceptability and usability of ApplTree. 
Communicating with participants and their nominated person throughout the study about the 
number of reminders that would sound each day and that ‘bugs’ may present from time-to-
time, may help set expectations and open channels of communication with the researcher in 
order to manage any frustration or apathy towards the reminders or ApplTree itself. 
Conclusion 
Findings indicated that ApplTree did not result in a statistically significant increase in the 
completion of everyday tasks of PM with stroke survivors reporting PM difficulties. High 
reported baseline PM performance meant that the ability to analyse data for any statistically 
significant positive effects of ApplTree was not possible in two thirds of participants. The dearth 
of research into the effects of reminder applications on PM task completions in stroke 
rehabilitation may partially reflect difficulties experienced during this study with recruitment, 
missing data and high baseline PM performance. Although one participant reported relatively 
higher anxiety in the use of ApplTree, all three participants predicted that they would continue 
to use ApplTree over the next 3 months and reported scores which indicated that ApplTree was 
an acceptable and usable memory aid for them. Further research utilising measures of quality 
of life, caregiver strain and the acceptance and usability of the PEPAD, in addition to PM log 
data, may be required to effectively evaluate the effectiveness of reminder applications. 
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Appendix 1.2. Systematic review literature search strategies. 
Medline and Embase search terms 
"cognitive* impair*" OR "memory impair*" OR "memory difficult*" OR “stroke” OR "CVA" OR 
"cerebrovascular accident*" OR "post stroke"  
AND  
"prospective memory" OR “remind*” OR “prompt*” OR "goal set*" OR "goal manage*" OR 
“memory”  
AND 
"mobile app*" OR “mobile” OR "mobile telephone" OR “smartphone” OR "smartphone app*" 
OR "PDA" OR "personal digital assistant" OR "EPADS" OR "electronic portable assistive device*" 
OR  "assistive device*" OR “pager” OR "electronic aid*” OR "electronic device*” OR "electronic 
organi*" OR "electronic reminder*"  
AND 
"cognitive rehab*" OR "memory rehab*" OR "memory intervention*" OR "memory aid*" OR 
"external memory aid*" OR “technolog*” OR "assistive technolog*" OR "compensat* strateg*" 
OR "cognitive prosthe*" OR "cognitive orthos*" OR "memory orthos*" OR "memory prosthe*" 












































Scopus search terms 
( ( TITLE-ABS-KEY ( "cognitive rehab*" )  OR  TITLE-ABS-KEY ( "memory rehab*" )  OR  TITLE-
ABS-KEY ( "memory intervention*" )  OR  TITLE-ABS-KEY ( "memory aid*" )  OR  TITLE-ABS-
KEY ( "external memory aid*" )  OR  TITLE-ABS-KEY ( technolog* )  OR  TITLE-ABS- 
KEY ( "assistive technolog*" )  OR  TITLE-ABS-KEY ( "compensat* strateg*" )  OR  TITLE-ABS- 
KEY ( "cognitive prosthe*" )  OR  TITLE-ABS-KEY ( "cognitive orthos*" )  OR  TITLE-ABS- 
KEY ( "memory orthos*" )  OR  TITLE-ABS-KEY ( "memory prosthe*" )  OR  TITLE-ABS- 
KEY ( "memory compensat*" ) ) )  AND  ( ( TITLE-ABS-KEY ( "mobile app*" )  OR  TITLE-ABS- 
KEY ( mobile )  OR  TITLE-ABS-KEY ( "mobile telephone" )  OR  TITLE-ABS-
KEY ( smartphone )  OR  TITLE-ABS-KEY ( "smartphone app*" )  OR  TITLE-ABS-
KEY ( "PDA" )  OR  TITLE-ABS-KEY ( "personal digital assistant" )  OR  TITLE-ABS-
KEY ( "EPADS" )  OR  TITLE-ABS-KEY ( "electronic portable assistive device*" )  OR  TITLE-ABS-
KEY ( "assistive device*" )  OR  TITLE-ABS-KEY ( pager )  OR  TITLE-ABS-KEY ( "electronic 
aid*" )  OR  TITLE-ABS-KEY ( "electronic device*" )  OR  TITLE-ABS-KEY ( "electronic 
organi*" )  OR  TITLE-ABS-KEY ( "electronic reminder*" ) ) )  AND  ( ( ALL ( "cognitive* 
impair*" )  OR  TITLE-ABS-KEY ( "memory impair*" )  OR  TITLE-ABS-KEY ( "memory  
difficult*" )  OR  TITLE-ABS-KEY ( stroke )  OR  TITLE-ABS-KEY ( "CVA" )  OR  TITLE-ABS-
KEY ( "cerebrovascular accident*" )  OR  TITLE-ABS-KEY ( "post stroke" ) ) )  AND  ( ( TITLE-ABS-
KEY ( "prospective memory" )  OR  TITLE-ABS-KEY ( remind* )  OR  TITLE-ABS- 
KEY ( prompt* )  OR  TITLE-ABS-KEY ( "goal set*" )  OR  TITLE-ABS-KEY ( "goal 














































Appendix 2.1 Single-Case Reporting guideline In BEhavioural interventions (SCRIBE) 2016 






































































PARTICIPATION INFORMATION SHEET V1.2 
 
Principal Investigator: Prof Jon Evans 
Chief Investigator: Mr John Wilson 
 
You are being invited to take part in a research study. Before you decide whether 
you would like to take part, it’s important for you to understand what the research 
will involve and why it is being done. Please take time to read the below 
information regarding the study. You can ask the researcher any questions you 
may wish before you decide to take part. 
 
PURPOSE OF THIS RESEARCH STUDY 
We are asking you to take part in a study to investigate the usefulness of a 
smartphone application (or ‘app’) that you can use to remind you about things 
you intend to do. To do this, we will ask you about things you need to do (e.g. 
take medication, attend appointments, everyday tasks). We will ask you to record 
how often you forget to do things each week, and then see if using the app helps 
you remember to do things. We will also ask you about how easy it was using 
the app. 
Title of Project: ApplTree: A Single Case Experimental 
Design Study of a Smartphone Reminding Application With 
Community-Dwelling Adults Who Have Sustained A Stroke 
 





To be eligible to take part in this study, you must be aged 18 years or over (we 
are looking to recruit both younger adults (18-65s) and older adults (over 65s) in 
this study), be fluent in English, have difficulties remembering things, own and 
be able to use a smartphone and have someone who is willing to help by 
completing weekly forms (a nominated person). For instance, you could 
nominate your significant other or a carer to take on this role. Your participation 
in this research is contingent on both you and your nominated person 
participating throughout the study.  
 
PROCEDURES 
If you decide to take part in this study, we will ask you to tell us about any memory 
difficulties you are experiencing, whether you use memory aids currently or in 
the past, and tell us about what tasks that you would like to be reminded of using 
a smartphone application. We will ask you to complete some brief tests of your 
thinking skills, including memory. 
We will ask your nominated person to complete a form with you which lists the 
memory events that you would like to be reminded of using the smartphone 
application. They will do so by placing a tick/cross beside each task to indicate 
whether you remembered to complete it. This part of the study will last either 5, 
6 or 7 weeks. 
We will then provide you with an illustrated, step by step guide on the use of the 
smartphone application and a video tutorial to help you download and use it. We 
will ask you to set reminders using the application for the tasks that you would 
like to be reminded about. After this training, we will ask your nominated person 
to continue to complete the checklist of whether you completed the memory 
events, by placing a tick or a cross beside each task on the form. This will last 5 
weeks. Your nominated person will receive a daily reminder text message to 
complete this form.  
After this 5-week period is finished, we will ask you to complete a brief 
questionnaire regarding how useful you found the application, which will be 
emailed or posted to you. We will also ask you about your thoughts on the 
strengths, weaknesses and usefulness of the application over the telephone. 
At the end of the study you can continue to use the app free of charge. Because 
the app is still being researched, we cannot guarantee how long it will be 
available to use. However, if the app is shown to be useful, our intention is to 
keep the app maintained to so that it continues to work beyond the time period 
of the study. If the app is not going to be continued after the study, we will let you 
know when it will stop working. We will also provide you with information about 




POSSIBLE RISKS OF DISCOMFORT 
There is very little risk to taking part in this study. The use of the smartphone 
application does not pose any risk. The methods used in this study have been 
used before. Arranging a convenient time to complete the cognitive assessments 
over video conference may be inconvenient. We will do everything we can to 
accommodate your preferred time and date which to complete these. The 
findings of the memory assessments may reveal that your memory ability has 
changed since your stroke. Researchers will be able to discuss the findings of 
these assessments with you and sign post you to relevant organisations and 
services who will be able to provide you with support and information. 
 
POSSIBLE BENEFITS 
The use of the application may benefit you directly by increasing the likelihood of 
you remembering to complete tasks that you intend to do (but sometimes forget). 
Other people may also benefit from you taking part in this study. For example, if 
the study finds that the use of the smartphone application increases the number 
of tasks that you complete, it may be recommended as a clinical intervention for 
other people who are experiencing memory difficulties. 
If you would like to receive a report of the results of this study when they are 
available, you can initial your response to this on the consent form later. 
 
FINANICAL CONSIDERATIONS 
The smartphone application is free to use. However, you will require the use of 
your own smartphone and have access to the internet in your home. No aspect 
of taking part in this study is expected to result in any additional cost to you. 
 
CONFIDENTIALITY  
GDPR stands for the General Data Protection Regulation. In the UK we follow 
the GDPR rules and have a law called the Data Protection Act. All research using 
patient data must follow UK laws and rules.  Universities, NHS organisations and 
companies may use patient data to do research to make health and care 
better. Universities and the NHS are funded from taxes and they are expected to 
do research as part of their job. They still need to be able to prove that they need 
to use patient data for the research. In legal terms this means that they use 
patient data as part of ‘a task in the public interest’. If they could do the research 
without using patient data, they would not be allowed to get your data. 
Researchers must show that their research takes account of the views of patients 
and ordinary members of the public. They must also show how they protect the 
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privacy of the people who take part. An NHS research ethics committee checks 
this before the research starts. 
To protect your confidentiality, we will assign you a unique number or code that 
will be used to label your information and sample that you provide. Any personal 
information that you provide, such as your name and contact details, will be kept 
separately and locked away. Only the researchers will have access to the 
information you provide. None of your personal information will be on the 
assessments or questionnaires you completed unless you request these to be 
added to your medical file. 
The results of this study may be published for scientific purposes as well as direct 
quotes from you. Direct quotes from you may be published. Pseudonyms will be 
assigned to you so that you will not be identifiable in these reports. 





TERMINATION OF RESEARCH STUDY 
You do not have to take part in this study. Even if you do decide to take part but 
in future decide that you no longer wish to take part, you are free to withdraw 
from the study. You will not be penalised in any way if you decide that you do not 
want to take part or no longer wish to take part. You can choose to stop 
participating at any point during the study. If you would like to withdraw your 
consent, you can do so by contacting the Principal Investigator. If you should 
lose capacity to continue to take part in the study, your participation will be 
stopped and you will be informed of this. Any data gathered up to the point of 
your withdrawal will be analysed and used in the final write-up and publication of 
the study findings, but no further data will be collected. 
 
ETHICS REVIEW 
This study has been approved by North of Scotland Research Ethics 
Committee 1 (Project Reference Number: 20/NS/0108). 
 
AVAILABLE SOURCES OF INFORMATION 
All participants will be given a copy of this information sheet and of their signed 
consent form. If you have any questions later on or would like any additional 
information about the study and your rights as a participant, please feel free to 




COMMENTS OR CONCERNS DURING THE STUDY  
If you have any comments or concerns you should discuss these with the 
Principal Researcher. If you wish to complain about any aspect of the way that 
you have been approached or treated during the course of this study, you 
should email jonathan.evans@glasgow.ac.uk who will take the complaint 































NOMINATED PERSON INFORMATION SHEET V1.1 
 
Principal Investigator: Prof Jon Evans 
Chief Investigator: Mr John Wilson 
 
You are being invited to take part in a research study. Before you decide whether 
you would like to take part, it’s important for you to understand what the research 
will involve and why it is being done. Please take time to read the below 
information regarding the study. You can ask the researcher any questions you 
may wish before you decide to take part. 
 
PURPOSE OF THIS RESEARCH STUDY 
We are asking you to take part in a study to investigate the usefulness of a 
smartphone application (or ‘app’) that the person who nominated you can use to 
remind them about things they intend to do. To do this, we will ask the person 
who nominated you about things they need to do (e.g. take medication, attend 
appointments, everyday tasks). We will ask you to record when the person who 
nominated you remembers to do the things that they intended to do each week, 
and then investigate whether using the application helps the person who 
nominated you to remember to do more things. 
Title of Project: ApplTree: A Single Case Experimental 
Design Study of a Smartphone Reminding Application With 
Community-Dwelling Adults Who Have Sustained A Stroke 
 





To be eligible to take part in this study, you must be fluent in English, live with 
the person who nominated you and be able to record when the person who 
nominated you remembers to complete the tasks they choose to be reminded of 
at the end of each day. The participation of the person who nominated you in this 
study is only possible with your participation in the study. 
 
PROCEDURES 
If you decide to take part in this study, we will also ask you to place a tick/cross 
beside each task that the person who nominated you has chosen to be reminded 
of, on a monitoring form. This is to indicate whether the person who nominated 
you successfully remembered to complete the task/activity. This part of the study 
will last either 5, 6 or 7 weeks. We will send you a daily reminder text message 
to complete this form at a time agreed by you. 
We will then start the second part of the study by using the ApplTree application. 
We will ask you to continue to complete the monitoring form to record whether 
the person who nominated you completed the memory events, by placing a tick 
or a cross beside each task on the form. This will last 5 weeks. We will send you 
a daily reminder text message to complete this form at a time agreed by you. 
 
POSSIBLE RISKS OF DISCOMFORT 
There is very little risk of discomfort in taking part in this study. The findings of 
the memory assessments may reveal that the memory ability of the person who 
nominated you has changed since their stroke. Researchers will be able to 
discuss the findings of these assessments with you and the person who 
nominated you, and will be able to sign post relevant organisations and services 
who will be able to provide support and information about this. Should you have 
any concerns, please don’t hesitate to contact either the Chief or Principle 
Investigator (see point 10, overleaf for contact information). 
 
POSSIBLE BENEFITS 
The use of the application may benefit the person who nominated you directly by 
increasing the likelihood of them remembering to complete the tasks that they 
intend to do (but sometimes forget). Other people may also benefit from you 
taking part in this study. For example, if the study finds that the use of the 
smartphone application increases the number of tasks that the person who 
nominated you completes, it may be recommended as a clinical intervention for 
other people who are experiencing memory difficulties. 
If you would like to receive a report of the results of this study when they are 




The smartphone application is free to use. However, the person who nominated 
you will require the use of their own smartphone and have access to the internet 
in your home. No aspect of taking part in this study is expected to result in any 
additional cost to you. 
 
CONFIDENTIALITY  
GDPR stands for the General Data Protection Regulation. In the UK we follow 
the GDPR rules and have a law called the Data Protection Act. All research using 
patient data must follow UK laws and rules.  Universities, NHS organisations and 
companies may use patient data to do research to make health and care 
better. Universities and the NHS are funded from taxes and they are expected to 
do research as part of their job. They still need to be able to prove that they need 
to use patient data for the research. In legal terms this means that they use 
patient data as part of ‘a task in the public interest’. If they could do the research 
without using patient data, they would not be allowed to get your data. 
Researchers must show that their research takes account of the views of patients 
and ordinary members of the public. They must also show how they protect the 
privacy of the people who take part. An NHS research ethics committee checks 
this before the research starts. 
To protect your confidentiality, we will assign you a unique number or code that 
will be used to label you information. Any personal information that you provide, 
such as your name and contact details, will be kept separately and locked away. 
Only the researchers will have access to the information you provide. None of 
your personal information will be on the questionnaires you complete. 
The results of this study may be published for scientific purposes as well as direct 
quotes from you. Direct quotes from you may be published. Pseudonyms will be 
assigned to you so that you will not be identifiable in these reports.  





TERMINATION OF RESEARCH STUDY 
You do not have to take part in this study. Even if you do decide to take part but 
in future decide that you no longer wish to take part, you are free to withdraw 
from the study. You will not be penalised in any way if you decide that you do not 
want to take part or no longer wish to take part. You can choose to stop 
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participating at any point during the study. If you would like to withdraw your 
consent, you can do so by contacting the Principal Investigator. If the person who 
nominated you should lose capacity to continue to take part in the study, both 
yours and their participation will be stopped and both of you will be informed of 
this. Any data gathered up to the point of your withdrawal will be analysed and 
used in the final write-up and publication of the study findings, but no further data 
will be collected. 
 
ETHICS REVIEW 
This study has been approved by North of Scotland Research Ethics 
Committee 1 (Project Reference Number: 20/NS/0108 
 
AVAILABLE SOURCES OF INFORMATION 
All participants will be given a copy of this information sheet and of their signed 
consent form to keep. If you have any questions later on or would like any 
additional information about the study and your rights as a participant, please 
feel free to contact the Chief Investigator (John Wilson) by email at 
john.wilson17@nhs.scot  
 
COMMENTS OR CONCERNS DURING THE STUDY  
If you have any comments or concerns you should discuss these with the 
Principal Researcher. If you wish to complain about any aspect of the way that 
you have been approached or treated during the course of this study, you 
should email jonathan.evans@glasgow.ac.uk who will take the complaint 

















PARTICIPANT INFORMED CONSENT FORM V1.2 
 
Please initial boxes on the right. Initial either the yes or the no box to numbers 5-8.  
1. I confirm that I have read the information sheet dated  
05.10.2020 (Version1.2) for the above study. I have had the  
opportunity to consider the information, ask questions and have  
had these answered satisfactorily. 
 
2. I understand that my participation is voluntary and that I am free  
to withdraw at any time without giving any reason, without my 
medical care or legal rights being affected, and that data collected  
up until the time that I withdraw will be analysed and used. 
 
3. I understand that relevant sections of my medical notes and data  
collected during the study, may be looked at by individuals from  
the NHS Highland Trust, where it is relevant to my taking part  
in this research. I give permission for these individuals to have  
access to my records.  
 
4. I understand that a copy of this consent form will be added to  




Title of Project: ApplTree: A Single Case Experimental 
Design Study of a Smartphone Reminding Application With 
Community-Dwelling Adults Who Have Sustained A Stroke 
 







5. I would like to be informed of the results of the cognitive 
assessments.                
 
 
6. I would like a copy of the cognitive assessments added  
to my medical notes. 
 
 
7. I understand that the information collected about me will  
be used to support other research in the future, and may  
be shared anonymously with other researchers. 
 
8. I agree to be contacted in future by the study researchers  
about this and other studies I may be interested in. 
 
 
9. I agree to my General Practitioner being informed of my 
participation in the study including any necessary exchange  
of information about me between my GP and the research team. 
 
10. I agree that if I disclose information that suggests that I am or  
someone else is at risk of harm to myself or others, they will  
need to pass this on to relevant agencies and services in order to 
minimise the harm. 
 















Yes       No 
Yes       No 
Yes       No 
Yes       No 
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Name of the nominated person        Date          Signature 
 
 
                                             

































NOMINATED PERSON INFORMED CONSENT FORM V1.1 
 
Please initial boxes on the right. Initial either the yes or the no box to numbers 3 and 5. 
1. I confirm that I have read the information sheet dated  
05/10/2020 (Version 1.1) for the above study. I have had  
the opportunity to consider the information, ask questions  
and have had these answered satisfactorily. 
 
2. I understand that my participation is voluntary and that I am 
free to withdraw at any time without giving any reason,  
without my legal rights being affected, and that data collected 
up until the time that I withdraw will be analysed and used. 
 
3. I understand that the information collected about me will be  
used to support other research in the future, and may be  






Yes     No 
Title of Project: ApplTree: A Single Case Experimental 
Design Study of a Smartphone Reminding Application With 
Community-Dwelling Adults Who Have Sustained A Stroke 
 






4. I agree that if I disclose information that suggests that I,  
or someone else, is at risk of harm, the researchers will 
need to pass this information on to the relevant service. 
 
5. I wish to receive a report of the results of this study  
when they are available.      
 
 
6. I agree to take part in the above study. 
 
 
Comments or concerns during the study  
If you have any comments or concerns you should discuss these with the 
Principal Researcher. If you wish to complain about any aspect of the way that 
you have been approached or treated during the course of this study, you 
should email jonathan.evans@glasgow.ac.uk who will take the complaint 
forward as necessary. 
 
 
                             _                              
Name of the nominated person        Date          Signature 
 
 
                                             











Yes     No 
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INTERVIEW QUESTIONS V1.0 
 
 
Have you read through the information sheets that were sent to you? 
 
 
Do you have any questions about this or from the informed consent form that 





Have you experienced any psychological difficulties or difficulties with your 
mood since the stroke?  
 
 
Have you received any support for any psychological or mood difficulties, if so? 
 
Are you currently taking medication for this? 
Title of Project: ApplTree: A Single Case Experimental 
Design Study of a Smartphone Reminding Application With 
Community-Dwelling Older Adults Who Have Sustained A 
Stroke 
 
IRAS ID: 286103  Date: 25/08/2020  Participation 





Have you experienced any memory difficulties since you had a stroke? 
 
 









Have you ever used a memory aid before? 
 
 
If so, what memory aids have you used previously? 
 
 
What type of tasks do you complete each week or would like to complete each 







On what days and at what time would you like ApplTree to send a reminder to 







Appendix 2.10. Weekly memory log. 
Week Beginning Monday:      /     /2021 
Please enter week commencing date above. If you would like to add any 
further memory tasks to be completed as the week goes by, simply enter 
them on the day which they are due to be completed below. You do not 
need to fill in all the lines in each box for each day. 
 
 Activity Was it 
completed 
Yes/No? 
Monday   
   
   
   
   
   
   
Tuesday   
   
   
   
   
   
   
   
Wednesday   
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 Activity Was it 
completed 
Yes/No? 
Thursday   
   
   
   
   
   
   
Friday   
   
   
   
   
   
   
Saturday   
   
   
   
   
   
   
Sunday   
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Prospective memory (PM) difficulties are common in survivors of stroke. Assistive 
Technologies (AT) have been used in various populations to aid performance on tasks 
of PM by prompting the user to complete scheduled tasks. However, research into the 
effectiveness of AT interventions in PM impairment post-stroke are limited. This study 
aims to investigate whether a smartphone AT application ‘ApplTree’ improves 
successful completion of PM tasks by recruiting three to six community-dwelling, older 
adult stroke survivors, with PM impairment in this multiple baseline, single case 
experimental design study. The completion of personally-meaningful tasks will be 
recorded against a weekly monitoring form completed by the participant’s carers 
throughout phase A (5-7 weeks) and phase B (5 weeks). During phase B, ApplTree will 
prompt participants to complete their everyday tasks. This study aims to add to the 
literature on the use of AT in the rehabilitation of PM impairment following stroke in 
















Stroke is a life-threatening, cerebrovascular accident which results in cerebral 
dysfunction (Zhelev et al., 2019). More than 100,000 strokes are recorded each year in 
the United Kingdom (NICE: Impact Stroke, 2019). Stroke disproportionally affects older 
adults (OAs); around 50% of strokes occur in adults aged 45-74 years (Scottish Stroke 
Statistics, 2019). Stroke is the third most prevalent source of mortality and the most 
prevalent cause of disability in Scotland; two thirds of stroke patients are discharged 
from hospital with some form of impairment (Adamson et al., 2004).  
Post-stroke memory impairment can affect a person’s ability to recall past events 
(retrospective memory) and their ability to remember to carry out intended actions in 
the future (prospective memory) (Kvavilashvili, 1992). Rehabilitation of prospective 
memory (PM) impairment can employ either a restorative approach; aiming to restore 
cognitive function through the use of memory strategies, such as repetition, or a 
compensatory approach; using environmental adaptations, internal memory strategies 
and external memory aids, to augment memory performance (Spreij et al., 2014). For 
post-stroke OAs a consensus has not been reached as to which approach is the most 
effective (das Nair et al., 2016). 
Memory strategies can either be ‘internal’ such as using mnemonic devices and 
rehearsal or ‘external’ such as using diaries and calendars; which are recommended for 
post-stroke memory problems (Cicerone et al., 2011). Electronic memory aids, such as 
alarms and calendars, have increased but the use of these aids remains relatively low 
with people living with acquired brain injury (ABI) (Jamieson et al., 2017). Several 
assistive technologies (AT) have been developed to improve everyday memory 
performance following ABI, for instance the pager-based reminder system, NeuroPage 
(Wilson, Emslie, Quirk & Evans, 2001).  
More recently, smartphone applications (apps) have been designed as reminder 
systems, sending prompts to the user’s phone to remind them to complete a 
prespecified task at a prespecified time (Gillespie et al., 2011). One app, MindMate, has 
been found to increase memory performance in OAs with memory impairment due to 
Alzheimer’s dementia (McGoldrick et al., 2019). ApplTree is another smartphone 
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reminder app developed for people with memory difficulties following acquired brain 
injury (Jamieson, 2015).  
ApplTree prompts users about events which they have scheduled into the app. It can be 
programmed to send unsolicited prompts to remind the user to add any additional 
events on to the app schedule. The app allows users to enter fully customisable, repeat 
reminders for reoccurring events. ApplTree has two user interface options for entering 
reminders. One is referred to as ‘narrow-deep’ and involves the user having small 
amounts of information on several screens as they work through the process of entering 
a reminder. The other interface is ‘broad-shallow’ and is more typical of smartphone 
calendar apps where data entry is done on one screen and scrolling is required. The idea 
is that the narrow-deep interface reduces attentional demand on the user and is easier 
to use. A pilot feasibility randomised controlled trial of ApplTree, concerned primarily 
with efficacy, is currently collecting outcomes on memory performance and gathering 
feedback regarding how best to implement a mobile reminder app intervention 
(Jamieson, 2019). 
Plan of Investigation  
Aims and hypotheses 
This study aims to investigate the usefulness and efficacy of ApplTree in increasing PM 
performance in OAs who have post-stroke, PM difficulties. 
The primary hypothesis is: 
A significant increase in frequency of successful target memory event (TME) completion 
will be found after the introduction of the ApplTree application 
The secondary hypothesis is: 
 Participants will rate ApplTree as an acceptable and useable AT 
Participants  
Three to six community-dwelling OA’s (≥ 65 years), stroke survivors will be approached 
by the Chest Heart and Stroke Team (CHST) in NHS Highland. Participants will have self 
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or other-reported PM difficulties and share accommodation with a person willing to 
complete weekly monitoring forms (WMFs) and support the participant in using the 
ApplTree application. 
Exclusion criteria: 
• Non-fluent English speakers 
• Aged ≤ 64 years 
• Index stroke ≤ 6 months prior to recruitment 
• Diagnosed, pre-existing neurological condition 
• Severe psychiatric diagnosis (e.g. psychosis, clinical depression) 
• Pre-existing dementia or ABI diagnosis 
• Diagnosed or suspected learning disability 
• Current cognitive impairment of sufficient severity that would prevent the 
participant using the app 
• Don’t have a smartphone 
• Physical, visual or auditory impairments which, if uncorrected with assistive 
aids, prevent the operation of a smartphone 
 
Recruitment Procedures 
Potential participants who satisfy the inclusion/exclusion criteria, will be approached by 
the CHST and provided with an invitation letter and participant information sheet. 
Interested potential participants will be contacted by the researcher who will answer 
any study-related questions, prior to obtaining their consent. 
Materials 
Cognitive impairment will be determined using neuropsychological assessment at the 
participant’s home or the older adult department (OAD) at New Craig’s Hospital using: 
✓ Test of Pre-Morbid Functioning (TOPF, Wechsler, 2011) 
✓ Prospective and Retrospective Memory Questionnaire (Smith et al., 2000) 
120 
 
✓ Rivermead Behavioural Memory Test -3rd version (RBMT-3; Wilson et al., 
2008) 
✓ Trails, verbal fluency and the colour-word interference subtests of the Delis–
Kaplan Executive Function System (D-KEFS; Delis et al., 2001) 
✓ Modified Six Elements Test from the Behavioural Assessment of the 
Dysexecutive Syndrome (BADS: Wilson et al., 1996) 
✓ Centre for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977) 
 
ApplTree will be programmed by participants to send reminder prompts to their phone 
for upcoming events and unsolicited prompts to set any additional reminders. The 
participant’s carer will be asked to complete WMFs regarding the completion of TMEs. 
Participants will be asked to complete the Unified Theory of Acceptance and Use of 
Technology (UTAUT) questionnaire (Venkatesh et al., 2003) to assess the usability, 
usefulness and intention to use the ApplTree app, at the onset and completion of the 
study.  
Design 
This study will utilise a multiple baseline single case experimental design (SCED). 
Participants will be randomly allocated to either a 5, 6 or 7 week baseline, in each group 
of three participants, using the Social Psychology Network’s electronic randomiser 
programme (http://www.randomizer.org). After the baseline phase, each participant will 
be given the use of the ApplTree application for 6 weeks; inclusive of a training week. 
Carers will complete WMFs throughout the baseline and intervention phases. 
Procedure 
Ethical approval will be obtained from the NHS Highland Ethics Committee. Informed 
consent will be obtained from potential participants. In the event that Scottish 
Government social distancing measures remain in place during the study, a secondary 
protocol will supersede the primary protocol, making use of video technology to deliver 
the study (See Appendix 1). Scottish Government guidance on social distancing will be 




At the initial interview potential participants will be provided with a study information 
sheet and asked to provide their consent to take part in the study. Information 
regarding previous use of memory aids and the identification of TME will be collected. 
Subjective reports of the participant’s cognitive and psychological difficulties will be 
gathered. A two-hour appointment will be arranged to complete the 
neuropsychological assessments. Data will be gathered from weekly monitoring forms 
which list the week’s target memory events. The participant’s carer will place a tick or 
a cross beside each target memory event to signify its successful or non-successful 
completion, throughout baseline and intervention phases 
Participants and carers will receive training regarding the study process and in using the 
ApplTree application. An illustrated, step by step guide on the use of ApplTree and a 
video tutorial on downloading, navigating and programming ApplTree, will be emailed 
to the participant. Carers will receive orientation and training in the completion of 
WMFs via telephone. Personally-meaningful TMEs for which reminders will be set and 
the number of ‘reminder’ prompts the participant would like to receive for these will 
then be discussed. Participants will input reminders and receive unsolicited prompts to 
add any additional events. After this training week, the intervention phase will begin 
and last 5 consecutive weeks. 
During the intervention phase, participants will enter events on ApplTree with the 
assistance of their carer, if required. ApplTree will provide prompts at the 
predetermined times. Carers will receive a daily reminder text message to complete the 
monitoring form (every evening). Following completion of the intervention phase, 
participants will be asked to complete the Unified Theory of Acceptance and Use of 
Technology (UTAUT) which will be emailed or posted to them. Qualitative information 
will be gathered from participants regarding the strengths, weaknesses and usefulness 






To answer the primary hypothesis, visual analysis of WMF data will be completed. Visual 
analysis is the most commonly used method of analysing frequency data in SCED 
studies, allowing for the analysis of the degree and variability of change in data (Barton, 
Lloyd, Spriggs & Gast, 2016).  
Comparison of percentage of successful TME completions between baseline and 
intervention phases will be analysed using Tau-U. This non-parametric data analysis 
method, uses pairwise comparisons of data points to statistically analyse non-
overlapping data (Parker & Vannest, 2009) allowing for the comparison of individual 
participant performance between phase A and phase B, and the computation of effect 
size (Cliff, 1993).  
SCED standards published by Kratochwill et al., (2012) stipulate a minimum of three 
data points in each phase and three opportunities to demonstrate the experimental 
effect. The current study design satisfies these criteria. 
Power 
Tau-U has demonstrated statistical power of 91-115 percent of parametric equivalents 
(Vannest et al., 2011) and reliably detects medium effect sizes in small sample sizes 
(Parker et al., 2014). A recent meta-analysis of SCED studies of AT interventions, using 
non-overlapping pairs methodology, found several large effect sizes (Jamieson et al., 
2013). Large effect sizes have also been found in similar SCED studies with a N=3 sample 
size (McGoldrick et al., 2019). It is expected that the current study will find similar levels 
of effect and, therefore, Tau-U will have sufficient power to detect a large effect size.  
Ethical Issues  
Feedback regarding this proposal will be gathered from the NHS Research Ethics 
Committee and be submitted to University of Glasgow for review prior to study 
commencement. Potential participants may have significant cognitive impairment 
which may negatively affect their capacity to consent to participate in the study. The 
Stroke Co-ordinator of the CHST will raise any concerns regarding capacity following 
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their initial contact with potential participants, who will be checked for capacity to 
consent to the study by the primary researcher before informed consent is gained. Any 
doubt relating to capacity to consent to the study will be referred to the field supervisor 
before the potential participant is enrolled. 
All participants will receive the intervention which will not be withdrawn due to the 
multiple baseline study design. A low risk of psychological distress may arise through 
the completion of cognitive assessments. Participants will be asked whether they would 
like to receive their assessment results and whether they would like their results added 
to their medical file. Reassurance and advice will be offered by the primary researcher 
in light of any emotional difficulties during their participation. Adverse events will be 
recorded in the local site file and the patient’s medical folder, and reported to both the 
field and research supervisor. 
At the end of the study participants will be able to continue to use ApplTree if they wish. 
However, ApplTree is currently a research tool and whilst the aim is for ApplTree to be 
maintained in the longer term, how long it will continue to operate after the end of the 
study cannot be guaranteed. Participants will be provided with information on other 
reminding apps that may be useful. 
Participant data will be stored on an encrypted, password protected NHS laptop, in 
password protected files. Hard copies of assessments will be stored within NHS 
Highland premises in line with local and national data protection guidelines. Hard copies 
of participant personal information will be securely destroyed when the study has 
concluded. The Chief Investigator, based in the Institute of Mental Health and Wellbeing 
at the University of Glasgow, will have access to, and will securely store, study data for 
a duration of ten years. 
Financial Issues 
ApplTree is a free app, however, participants must have a smart phone and access to 
the internet from home. All neuropsychological assessment stimuli will be borrowed 
from the OAD at New Craigs Hospital at no cost. However, response forms for each 
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assessment will require purchasing. See Appendix 2 Costs for costs for protocol one, 
and Appendix 3 for costs for protocol two. 
Health and Safety Procedures 
See Appendix 4 for protocol one and Appendix 5 for protocol two. 
Timetable 
Ethics Submission June-July 2020 
Information to CHST September 2020 
Recruitment September-November 2020 
Data collection January-March 2021 
Analysis and write up April-May 2021 
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At the initial telephone interview, the potential participant will be provided with an 
information sheet about the study and will be asked to provide their consent to take 
part in the study. Information regarding the participant’s previous use of memory aids 
and the identification of target events will be collected on the telephone. Subjective 
reports of the participant’s cognitive and psychological difficulties will also be gathered 
at the telephone interview. Copies of questionnaires, will be posted to the participant 
with a stamped, return envelope. The researcher will then post the Prospective and 
Retrospective Memory Questionnaire (PRMQ) to the carer for their completion and 
return the completed questionnaire in the prepaid envelope. A date and time will then 
be arranged with the participant in order to complete neuropsychological assessments 
of cognitive function via video call. 
Roughly 1 hour of neuropsychological assessments will then be completed with the 
participant in order to obtain objective, quantitative evidence of participant cognitive 
function. The following assessments will be delivered remotely with the participant via 
video call: 
• Test of Pre-Morbid Functioning (TOPF) 
• Auditory Memory Index (AMI) of the Older adult version of the Wechsler Memory Scale 
(WMS-IV) 
• Verbal Fluency subtest of the Delis–Kaplan Executive Function System (DKEFS) 
 
Data will be gathered from weekly monitoring forms which list the week’s target 
memory events. The participant’s carer will place a tick or a cross beside each target 
memory event to signify its successful or non-successful completion throughout 
baseline and intervention phases. The carer/ significant other will receive a daily 
reminder from the study team, via text message at a predetermined time of day, to 
complete the weekly monitoring form for that day. 
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Participants and their carers will receive training regarding the study process, as well as 
on the use of the ApplTree application. A video tutorial on downloading the ApplTree 
application and navigating and programming it, will be sent to the participant’s email 
address. Participants will also be provided with an illustrated, step by step guide, on the 
use of the application (via email or post) including; creating, naming, editing, setting 
and deleting events, as well as setting repeat reminders events, and also how to access 
and navigate the calendar function. Participants and their carers will also receive 
orientation and training in the completion of weekly monitoring forms during this week, 
via telephone/video call.  
Following this training, the personally-meaningful events for which reminders will be 
set as well as the number of ‘reminder’ prompts the participant would like to receive 
about the event, will be discussed. Participants will enter their reminders themselves 
and they will also be sent the agreed unsolicited prompts, to their device, at the time 
and dates agreed upon. After this training week, the intervention phase will begin and 
last for 5 consecutive weeks 
During the intervention phase, the participant will enter the events to be remembered 
on to the ApplTree app with the assistance of their participant’s carer/ significant other, 
if required. The application will send the reminder prompts at the predetermined times 
to the participant via their phone. Carers will receive a text message from the researcher 
to remind them to complete the monitoring form (every evening). At the end of the 
intervention phase, participants will be asked to complete the Unified Theory of 
Acceptance and Use of Technology (UTAUT) which will be either emailed or posted to 
them. Additionally, qualitative information will be gathered from participants regarding 
the strengths, weaknesses and usefulness of the ApplTree application, and whether 
they would wish to continue to use the app. 
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